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helicopter  dynamic  subsystems  was  performed  under  Contract 
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1.0  INTRODUCTION 


Under  an  earlier  contract  with  the  Eustis  Directorate,  it  was 
determined  that  the  performance  of  CH-47C  helicopter  trans¬ 
missions  overhaul  on  an  on-condition  basis  would  be  more  cost 
effective  than  the  current  procedure,  which  establishes  a  maxi 
mum  operating  time  between  overhauls  (TBO) .  From  Reference  1, 
Mr.  Dougherty  concluded: 

As  a  result  of  this  study  it  is  evident  that 
on-condition  operation  for  helicopter  trans¬ 
missions  would  be  extremely  cost  effective. 

In  almost  every  case  imaginable,  the  on- 
condition  transmission  would  generate  lower 
costs  with  little  degradation  of  performance 
when  compared  to  a  transmission  operated 
with  a  TBO. 

Having  put  the  cost  question  to  rest,  Mr.  Dougherty  further 
stated: 


Thus,  the  entire  on-condition  question  really 
reduces  to  a  safety  issue:  can  state-of-the- 
art  transmissions  be  operated  safely  in  the 
1000-  to  5000-hour  regimes? 

Since  the  conclusions  reached  in  the  study  reflect  the  opera¬ 
tional  experience  of  the  CH-47,  analysis  of  other  helicopter 
systems  experience  was  needed  to  formulate  a  clear  position 
on  helicopter  component  on-condition  maintenance  and  to  identify 
those  design  concepts  and  procedures  which  would  most  signifi¬ 
cantly  enhance  this  approach. 

This  study  assesses  the  capability  of  certain  helicopter  dyneunic 
components  to  operate  with  no  scheduled  overhaul  periods.  It 
considers  the  following  components  on  UH-1  and  AH-1  series  heli¬ 
copters. 


Main  Transmission 
Intermediate  Gearbox 
Tail  Rotor  Gearbox 
Main  Rotor  Hub 
Swashplate  and  Support 


^Dougherty  III,  J.  J.,  and  Blewitt,  S.  J.,  ANALYSIS  OF  CRITERIA 
FOR  ON-CONDITION  MAINTENANCE  FOR  HELICOPTER  TRANSMISSIONS, 
USAAMRDL  Technical  Report  73-58,  Eustis  Directorate,  U.S.  Army 
Air  Mobility  Research  and  Development  Laboratory,  Fort  Eustis, 
Virginia,  September  1973,  AD  773024. 
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Table  1  shows  the  part  numbers.  Federal  Item  Identification 
Numbers  (FUN) ,  which  are  the  last  seven  numbers  of  the  federal 
stock  number,  and  current  effectivity  of  these  assemblies. 

The  general  approach  used  was  to  exaunine  the  overhaul  and  acci¬ 
dent  records,  the  inspection  procedures,  and  the  functional 
capability  of  the  caution  and  warning  subsystem  and  its 
condition-monitoring  devices  to  determine  if  there  is  any 
part  or  assembly  failure  mode  which  limits  on-condition  main¬ 
tenance  capability. 

The  sources  of  data  used  in  the  analysis  were: 

-  The  Army  Maintenance  Management  System  (TAMMS)  ^ 

DA2410  form.  Component  Removal,  and  Repair  and 
Overhaul  Records,  Copies  1,  3,  4,  5,  and  6 

-  Disassembly  Inspection  Summary  records  (SAV-634  forms) ’ 
of  component  overhaul 

-  The  U.  S.  Amy  Agency  for  Aviation  Safety  (USAAAVS) 
accident  report**  records  on  UH-1  and  AH-1  aircraft 

-  U.  S.  Army  Depot  Maintenance  Manuals  for  UH-1  and  AH-1 
aircraft  listed  in  T£d>le  2 

-  U.  S.  Army  preventive  maintenance  checklists  for 
UH-1  and  AH-1  aircraft  listed  in  Table  2 

Teble  3  lists  the  number  of  records  available  in  the  DA2410 
data  ^ile  for  analysis. 

All  figures  and  tables  referred  to  in  this  basic  report  are 
arranged  following  Section  6.0,  RECOMMENDATIONS. 


^Anon.,  THE  ARMY  MAINTENANCE  MANAGEMENT  SYSTEM  (TAMMS),  Depart¬ 
ment  of  the  Army  Technical  Manual,  TM  38-750,  Headquarters, 
Department  o^  the  Army,  Washington,  D.C.,  November  1972. 

’disassembly  and  inspection  summary  -  USE  OF  FORMS  TO  REPORT 
EVALUATION  DATA,  Special  Quality  Procedure  200.4.8,  Bell 
Helicopter  Company,  Fort  Worth,  Texas,  June  15,  1974.  (This 
procedure  in  turn  references  AVSCOM  Memo  335-5  -  INSTRUCTIONS 
FOR  COMPLETING  SAV  FORM  634.) 

"accident  REPORTING  AND  RECORDS,  Army  Regulation  AR385-40, 
Headquarters,  Department  of  the  Army,  Washington,  D.C., 

October  29,  1969. 
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2.0  APPROACH 


2.1  BASIC  CONSIDERATIONS 

Components  with  scheduled  TBO  intervals  are  normeiiy  operated 
until  their  scheduled  overhaul  interval  has  expired  or  until 
some  unsatisfactory  condition  is  observed  by  the  crew  during 
flight  or  by  maintenance  personnel  during  inspection,  or  is 
signaled  by  the  condition-monitoring  and/or  caution-warning 
devices.  Therefore,  during  the  interval  between  installation 
and  the  time  the  TBO  interval  has  been  expended,  if  the  com¬ 
ponents  are  not  permitted  to  complete  their  overhaul  interval, 
they  are  removed  prematurely  "on  condition."  If  there  are  no 
failure  modes  which  cause  abrupt  functional  failure  of  the 
assembly  without  prior  deterioration  symptoms  which  are  ade¬ 
quate  to  signal  an  unsatisfactory  condition  while  the  assembly 
is  still  functioning  safely,  then  it  is  conceivable  to  extend 
the  scheduled  TBO  interval  indefinitely  and  rely  exclusively 
on  these  inspection  and  warning  methods  to  signal  the  replace¬ 
ment  of  the  assembly. 

Since  the  on-condition  maintenance  cap^d^ility  exists  and  indeed 
is  relied  on  to  ensure  safe  operation  of  the  drive  system  com¬ 
ponents  from  the  time  of  installation  to  the  scheduled  time  for 
overhaul,  the  approach  of  this  study  is  to  examine  how  well 
these  methods  may  assure  safe  operation  of  these  components  if 
the  TBO  interval  is  extended  or  eliminated  altogether. 

2.1.1  Condition  Evaluation 


The  current  inspection  procedures,  condition  monitoring,  and 
warning  systems,  if  adhered  to,  appear  to  be  adequate  to  moni¬ 
tor  the  condition  of  the  drive  system  components  from  time  of 
installation  to  the  scheduled  time  for  removal  without  permit¬ 
ting  a  condition  to  occur  which  would  jeopardize  flight  safety. 
Indeed,  they  were  established  as  such  to  provide  safe  flight. 

The  procedures  for  daily,  intermediate,  and  periodic  inspec¬ 
tions  enable  organizational  maintenance  personnel  to  observe 
the  extent  of  inherent  failure  mode  deterioration  of  the  main 
rotor  hub  and  swashplate,  the  oil  leakage  rate  of  the  trans¬ 
mission,  gearboxes,  and  UH-ID/H  hub  assemblies,  and  the  presence 
and  characteristics  of  debris  collected  at  the  chip  detectors 
and  filters.  The  procedures  also  enable  the  personnel  to  ob¬ 
serve  the  result  of  some  of  the  induced  failure  modes. 
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Transmission  oil  temperature  and  pressure  are  monitored  with 
systems  which  have  gages  on  the  instrument  panel.  The  impend¬ 
ing  bypass  or  bypass  condition  is  signaled  by  an  Indicator  on 
the  oil  filter.  The  presence  of  chips  on  the  chip  detectors 
is  monitored  by  the  warning  system  for  the  transmission  and 
tail  rotor  gearboxes.  During  flight,  the  flight  crew  is 
signaled  by  the  warning  system  when  the  transmission  oil  pres¬ 
sure  is  too  low,  the  transmission  oil  temperature  is  too  hot, 
or  if  the  transmission,  42-degree  gearbox,  or  90-degr3e  gear¬ 
box  chip  detector  systems  detect  the  presence  of  chips. 

Of  course,  the  inspection  process  relies  on  the  ability  and 
judgment  of  the  maintenance  personnel  to  observe  the  extent 
of  wear  and  degradation,  to  recognize  when  conditions  are  no 
longer  acceptable,  and  to  replace  components  when  necessary. 

The  current  automatic  diagnostic  and  prognostic  system  (AIDAPS) 
studies'  are  endeavoring  to  determine  what  additional  inspec¬ 
tion  and  condition  monitoring  techniques  would  improve  main¬ 
tenance  personnel  capability.  Since  very  few  gears  and  bearings 
with  significant  deterioration  have  been  removed  from  the  UH-1 
and  AH-1  transmission  and  gearboxes  during  overhaul,  engineers 
on  the  AIDAPS  program  have  had  considerable  difficulty  in  locat¬ 
ing  parts  suitable  for  their  tests  and  analyses.  It  has  been  . 
necessary  to  take  parts  replaced  during  overhaul  and  artificially 
degrade  them.  This  experience  further  supports  the  assumption 
that  transmission  and  gearboxes  are  being  removed  for  condition 
too  early.  Vibration-sensing  systems  are  being  examined  to  see 
whether  they,  supplementing  the  chip  detectors,  can  better 
identify  the  appropriate  time  for  the  replacement  action;  that 
is,  whether  the  action  must  be  done  immediately  or  can  be 
schedulec  for  the  next  intermediate  or  periodic  inspection 
time. 


2.1.2  Potential  Problems  With  Component  Overhaul  to  a  TBO 

Dougherty  and  Blewitt, ‘  in  their  discussion  of  the  relation¬ 
ship  between  on-condition  maintenance  operation  of  transmis¬ 
sions  and  reliability,  safety,  maintainability,  availability, 
and  cost,  made  some  observations  concerning  the  potential  for 
failure  of  components  with  assigned  TBO’s.  They  compared  two 
conditions  for  a  component:  (1)  where  the  component  is  allowed 
to  operate  without  time  limit,  and  (2)  where  a  TBO  is  estab¬ 
lished.  Due  to  the  particular  hazard  function  of  transmission 


'Contract  DAAJ01-71-A-0035 (P2B) ,  Delivery  Order  0007 (P2B), 
TEST  CELL  DATA  COLLECTION  &  TECHNICAL  SUPPORT,  developmental 
work  in  support  of  the  Automatic  Inspection,  Diagnostic  and 
Prognostic  System  (AIDAPS)  Advance  Prototype  Development, 
U.S.  Army  Aviation  Systems  Command,  St.  Louis,  Missouri, 

May  30,  1973. 
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assemblies  in  their  study,  in  the  second  condition,  for  sched¬ 
uled  removals,  a  greater  potential  for  failure  is  present  due 
to  the  exposure  to  the  high  failure  rate,  infant  mortality 
portion  of  the  hazard  function.  Because  of  this,  the  number 
of  failures  observed  over  a  fleet  life  cycle  could  be  greater 
in  the  second  condition  where  the  TBO  was  imposed.  The  fre¬ 
quency  of  exposure  to  the  infant  mortality  portion  of  the 
hazard  function  would  be  much  less  for  the  component  allowed 
to  operate  without  time  limit. 

2.1.3  Factors  Supporting  Recognition  of  On-Condition  Main¬ 
tenance  Capability 

One  of  the  major  faccors  supporting  the  recognition  of  on- 
condition  maintenance  capability  of  the  five  drive  system 
components  is  the  complete  lack  of  control  that  exists  during 
the  overhaul  process  with  regard  to  the  accumulated  time  on 
the  parts  installed  in  the  assemblies.  During  the  early  part 
of  this  study,  one  of  the  areas  to  be  investigated  was  the 
parti  replacement  characteristics  as  assemblies  went  through 
initial  and  subsequent  overhaul.  The  overhaul  component  dis¬ 
assembly  inspection  summary  reports  were  researched  to  locate 
the  records  of  sequential  overhaul  of  assemblies  identified 
with  the  same  serial  number.  The  purpose  of  this  area  of  in¬ 
vestigation  was  to  determine  a  measure  of  the  time-to-replace- 
ment  distribution  of  the  dynamic  parts  installed  in  the 
assembly  when  it  was  new.  Thij  information  could  show  the 
long  life  potential  for  the  parts,  which  in  turn  could  support 
the  contention  that  an  on-condition  maintenance  capability 
existed  for  the  assembly.  It  was  only  after  this  phase  of  the 
analysis  had  been  completed  that  a  more  significant  factor 
emerged  from  the  research  activity.  It  was  determined  that  the 
analysis  approach  to  trace  parts  replacements  beyond  the  first 
overhaul  was  not  valid.  During  the  overhaul  process  after  the 
assembly  is  disassembled  and  the  parts  condition  inspection 
has  been  completed,  the  parts  are  put  into  stock  bins.  Then, 
when  the  assemblies  are  reassembled,  the  parts  required  are 
drawn  from  the  bins  indiscriminately.  This  means  that  an 
assembly  can  be  rebuilt  using  all  new  parts,  all  old  parts, 
or  any  mix  of  old  or  new  regardless  of  the  parts  rejected 
during  the  initial  teardown  and  inspection.  This  means  there 
is  no  relationship  between  assembly  time  since  new,  and  the 
age  of  parts  installed  within  the  assembly.  From  this,  one 
must  conclude  that  the  assembly  is  already  essentially  re¬ 
lying  on  condition  monitoring  to  maintain  safe  operation. 

A  potential  safety  problem  was  found  to  exist  when  it  was 
determined  that  this  parts  replacement  process  also  applied 
to  the  main  rotor  hub  and  swashplate  as  it  did  to  the  trans¬ 
mission  and  gearboxes  for  which  it  was  initially  observed. 
Although  records  are  painstakingly  kept  of  the  accumulated 
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time  since  new  and  since  overhaul  for  the  total  assembly,  no 
records  are  maintained  to  track  the  accumulated  time  since  new 
for  the  parts  with  specified  retirement  intervals.  The  analysis 
of  the  overhaul  disassembly  inspection  summary  records  sub¬ 
stantiated  that  the  specified  retirement  intervals  for  some  of 
the  life-limited  parts  were  being  ignored.  Since  this  is 
occurring,  it  is  strongly  recommended  that  the  basis  for  the 
scheduled  parts  retirement  intervals  be  reexamined  and  if  these 
part  replacements  are  truly  required  for  flight  safety,  then  a 
better  method  of  logging  and  tracking  accumulated  parts  time  is 
required.  Also,  some  concern  should  be  given  to  the  assemblies 
which  have  been  overhauled.  These  assemblies  may  have  limited 
life  parts  installed  which  may  exceed  their  retirement  life. 

A  large  percentage  of  components  replaced  at  TBO  were  providing 
acceptable  operation  at  the  time  of  removal.  Most  of  the  parts 
replaced  due  to  condition  during  overhaul  of  these  assemblies, 
therefore,  must  have  many  hours  of  safe  operation  still  unused. 
The  extension  of  assembly  operating  time  to  a  point  where  a 
condition  warrants  its  replacement  can  save  a  great  many  parts 
operating  hours. 

2.2  FACTORS  LIMITING  THE  PERFORflANCE  OF  THE  STUDY 

Certain  factors  have  caused  some  difficulty  in  the  performance 
of  this  study.  They  are; 

-  In  the  main,  assemblies  which  are  removed  prior  to 
their  TBO  for  inherent  failures  have  actually  not 
failed. 

-  Nowhere  in  the  overhaul  process  is  any  attempt  made  to 
substantiate  the  reason  for  premature  removal. 

-  Parts  replaced  during  overhaul  are  rejected  due  to 
condition  or  modification,  not  necessarily  due  to 
failure. 

The  following  explains  to  some  degree  why  these  factors  exist. 

The  whole  purpose  of  the  inspection  procedure,  condition 
monitoring,  and  caution-warning  devices  as  applied  to  the 
drive  system  components  is  to  recognize  the  time  when  inherent 
degradation  is  unacceptable  while  the  component  is  still  func¬ 
tioning.  When  the  assembly  is  removed,  a  failure  cause  code  is 
recorded.  However,  the  failure  code  used  relates  to  the  assembly 
mode  of  degradation  that  is  considered  no  longer  acceptable  by 
the  maintenance  personnel.  Though  this  is  called  failure,  it 
is  most  probable  that  the  assembly  is  still  operable. 
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The  assemblies  are  also  removed  prematurely  If  they  have  been 
subjected  to  induced  failure  conditions.  There  again »  the 
assembly  is  probably  still  operable,  but  the  condition  to 
which  the  assembly  was  subjected  is  such  that  special  measures 
must  be  taken  to  assure  safe  operation.  Copies  of  the  special 
inspection  requirements  for  the  AH-IG  components,  typical  of 
those  for  the  UH-1  aircraft  component,  are  shown  in  Appendix  D. 

Except  for  the  swashplate,  which  is  not  an  enclosed  assembly, 
the  organization  maintenance  personnel  seldom  can  confirm  the 
cause  of  the  assembly  degradation.  Unfortunately,  from  an 
analysis  standpoint,  no  action  is  taken  during  the  overhaul 
process  to  confirm  the  cause  of  assembly  removal. 

All  of  the  inherent  failure  mode  conditions  are  occurring  within 
an  assembly  concurrently.  Since  assembly  inherent  failure  modes 
are,  in  the  main,  evidenced  by  gradual  deterio''ation  to  a  point 
where  a  condition  exists  which  is  no  longer  acceptable,  only 
the  one  which,  in  the  opinion  of  the  maintenance  personnel,  is 
unacceptable  is  recorded  as  the  cause  for  replacement.  The 
degree  to  which  the  other  modes  exist  is  not  recorded  in  the 
removal  records  nor  can  it  be  determined  by  the  overhaul  rec¬ 
ords.  This  last  statement  is  equally  true  for  assemblies 
removed  for  induced  failure  causes  and  for  TBO. 

While  assemblies  may  be  removed  prematurely  for  failure  mode, 
when  assemblies  are  overhauled,  the  parts  that  are  replaced 
(other  than  the  normally  replaced  items,  i.e.,  gaskets,  bolts, 
etc.)  are  not  examined  for  just  failure,  but  also  for  condition. 
This  is  true  for  assemblies  removed  for  TBO  as  well  as  for 
those  removed  for  condition.  It  would  be  inconsistent  to  con¬ 
sider  that  the  parts  rejected  during  overhaul  of  an  assembly 
removed  for  TBO  had  failed.  The  consideration  used  for  parts 
rejection  is  not  simply  whether  the  part  is  unacceptable  for 
further  operation,  but  also  whether  the  part's  condition  is 
such  that  it  is  suspected  that  it  will  deteriorate  to  an  un¬ 
acceptable  condition  within  the  next  TBO  interval.  The  basis 
for  parts  rejection  during  overhaul  is  recorded  at  some  over¬ 
haul  facilities.  However,,  the  severity  of  the  condition  and 
any  secondary  causes  for  rejection  are  seldom  recorded.  If 
the  part  is  rejected  during  overhaul  due  to  a  modification 
change  on  the  assembly,  no  record  of  the  condition  of  the  part 
is  made.  Seldom  do  the  records  indicate  loss  of  a  part's 
function. 

In  a  concurrent  research  and  development  progr£un  in  support  of 
the  Automatic  Inspection,  Diagnostic,  and  Prognostic  System 
(AIDAPS)  Advanced  Prototype  Development,  *  great  difficulty 
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has  been  experienced  in  obtaining  gears  and  bearings  of  trans¬ 
missions  ;  nd  gearboxes  which  were  rejected  during  overhaul  that 
have  sufficient  degradation  to  be  observable  with  condition 
monitoring  equipment  within  a  reasonable  time  when  installed 
in  bench  or  air  vehicle  test  systems.  The  greater  majority 
of  the  parts  replaced  during  overhaul  had  degradation  so 
slight  as  to  make  them  completely  unusable  for  the  AIDAPS 
test  progrcun.  This  was  because  of  the  operating  time  that 
would  be  required  before  the  part  degradation  would  become 
unacceptable  for  assembly  operation  based  on  an  observable 
(by  the  condition-monitoring  equipment)  symptom.  This  means 
that  many  hours  of  useful  life  of  parts  rejected  during  over¬ 
haul  are  lost. 

2.3  ASSUMPTIONS  USED  IN  THE  ANALYSIS 

The  analysis  was  based  on  several  assumptions  concerning: 

-  The  operability  of  the  assembly  at  the  time  of  early 
removal  due  to  inherent  degradation 

-  The  codes  used  to  show  cause  of  removal 

-  The  codes  which  related  to  the  more  critical  mode 
of  assembly  degradation 

-  The  comparative  percentage  of  parts  replacement  from 
the  group  of  assemblies  removed  for  the  critical  codes 
and  the  percentage  of  replacement  from  the  seunple  of 
assemblies  with  records  of  sequential  overhauls. 

2.3.1  Assembly  Operedaility 

In  the  analysis  it  has  been  assumed  that  at  the  time  an 
assembly  was  removed  prior  to  TBO  for  an  inherent  cause  of 
degradation,  the  assembly  was  still  capable  of  providing  safe 
operation.  This  assumption  has  been  discussed  in  Section  2.2. 
One  of  the  objectives  of  the  analysis  was  to  thoroughly  test 
this  assumption  since,  if  it  is  false,  the  on-condition 
maintenance  capability  would  not  exist,  not  even  during  the 
interval  between  initial  installation  and  the  currently 
assigned  TBO. 

2.3.2  Assembly  Removal  Failure  Cause  Codes 
It  has  been  assumed  that  since: 

-  there  is  a  very  large  number  of  failure  cause  codes 
in  TAMMS, 
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-  many  of  the  codes  have  only  a  slightly  different 
meaning  from  others  in  the  code  list, 

-  the  coded  failure  causes  are  independently  recorded 
by  many  individuals, 

common  modes  of  degradation  may  have  been  reported  using 
several  different  failure  cause  codes. 

This  assumption  has  a  corollary.  The  failure  codes  used  to 
show  cause  for  removal  may  be  grouped  into  common  failure 
modes. 

Following  these  assumptions,  the  failure  cause  codes  of  the 
DA2410  computer  tape  records  for  each  assembly  removal  were 
reviewed  first  to  classify  the  codes  into  four  major  categories: 

-  Inherent  failure  modes 
Induced  failure  modes 

-  Non failure  mode 

-  Unknown  removal  reasons 

This  was  done  by  first  evaluating  whether  each  failure  code 
description  could  be  logically  applied  to  the  assembly.  If  not, 
the  code  was  considered  to  be  an  unknown  cause  of  removal.  Next 
the  nonfailure  codes  were  identified.  Those  remaining  were 
then  reviewed  to  evaluate  whether  each  failure  description 
could  only  apply  to  an  induced  cause  of  failure.  If  so,  the 
failure  code  identified  an  induced  failure  mode;  if  not,  the 
failure  code  identified  an  inherent  failure  mode. 

In  the  analysis  it  was  assumed  that  the  group  of  assemblies 
removed  for  unknown  causes  was  similar  to  and  would  not  signi¬ 
ficantly  alter  the  proportional  distribution  of  the  assemblies 
with  identifiable  causes  of  removal. 

The  inherent  failure  codes  were  then  grouped  by  the  analyst  into 
common  failure  modes  as  shown  in  Tables  4  through  8,  using  his 
judgment  as  to  which  codes  were  related. 

2.3.3  Critical  Mode  of  Assembly  Degradation 

If  for  a  period  the  maintenance  instructions  were  not  adequately 
followed,  perhaps  under  the  stress  of  combat  activity,  then  a 
more  serious  mode  of  assembly  degradation  could  occur.  Using 
this  assumption,  one  of  the  groups  of  failure  cause  codes  has 
been  selected  as  the  potentially  critical  assembly  failure 
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mode.  The  failure  mode  selected  would  include  any  operational 
failures  of  the  assembly.  The  overhaul  records  of  a  group  of 
assemblies  with  these  failure  codes  were  used  to  compute  the 
parts  replacement  percentages  for  comparison  with  the  parts 
replacement  percentage  similarly  computed  for  the  sequential 
overhaul  assemblies. 

2.3.4  Critical  Part  Identification 

If  any  part  of  the  assembly  has  a  critical  failure  mode,  one 
which  could  cause  the  assembly  to  cease  to  function,  it  has 
been  assumed  that  the  parts  percentage  replacement  during  over¬ 
haul  would  be  significantly  greater  ror  the  assemblies  removed 
for  sequential  overhaul.  A  comparison  of  the  replacement  per¬ 
centages  guided  the  selection  of  the  parts  for  which  the 
failure  modes  and  effects  analysis  was  performed. 

2.4  ANALYSIS  FLOW  PROCESS 


2.4.1  Component  Removal  Records  Analysis 

This  analysis  provides  an  evaluation  of  drive  system  component 
inherent  failure  mode  distributions. 

2. 4. 1.1  Data  Source 

The  data  used  for  the  component  removal  records  analysis  were 
from  the  Army  Maintenance  Management  System  (TAMMS Component 
Removal  and  Repair/Overhaul  Record  (DA  Form  2410)  data.  TAMMS 
data  are  received  monthly  by  the  Bell  Helicopter  Company  (BHC) 
Reliability  Data  Group  on  magnetic  tape.  The  tape  records  con¬ 
tain  information  such  as  component  serial  number,  hours  since 
new,  hours  rince  last  overhaul,  number  of  prior  overhauls,  and 
reason  for  removal,  which  can  be  used  to  estimate  the  distribu¬ 
tion  of  assembly  time  at  removal. 

2.4. 1.2  Preparation  of  TAMMS  2410  Data  for  Analysis 

Special  component  data  files  are  created  by  choosing  selected 
assemblies  from  the  TAMMS  2410  master  file  of  )HC  helicopter 
components.  For  example,  one  data  file  conta  '  main  rotor 
hub  data,  another  main  transmission  data,  etc.  ^he  master 
tapes  are  searched  for  the  selected  assemblies  Ly  means  of  the 
Federal  Item  Identification  Number  (FIIN) ,  which  is  the  last 
seven  digits  of  the  Federal  Stock  Number  (FSN) .  Each  of  the 
data  files  contains  all  the  data  from  each  of  the  number  1,  3, 

4,  5,  and  6  copies  of  the  DA  2410  form. 

Each  2410  tape  record  contains  a  large  eunount  of  information  not 
germane  to  the  component  removal  analysis.  Also  the  data  per¬ 
taining  to  a  particular  removal  occurrence  are  contained  on 
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records  created  from  copies  1,  5,  and  6.  A  new  data  file  was 
created  for  each  of  the  assemblies  by  choosing  selected  data 
fields  from  copies  1,  5,  and  6  and  consolidating  the  informa¬ 
tion  onto  one  data  record  for  each  removal  occurrence.  Each 
composite  record  thus  contains  removal,  repair,  and  reinstal¬ 
lation  information  for  each  removal  occurrence. 

For  the  component- removal  analysis,  the  most  recent  informa¬ 
tion  available  just  prior  to  each  overhaul  is  needed.  Accord¬ 
ingly,  an  additional  data  file  was  created  from  the  composite 
record  data  file  by  choosing  the  highest  hours  since  last  over¬ 
haul  value  for  each  unique  combination  of  component  FI IN, 
component  S/N,  and  number  of  prior  overhauls  value.  For  zero 
prior  overhauls,  we  define  the  hours  since  last  overhaul  as  the 
hours  since  new,  and  this  information  is  used  in  the  hours 
since  last  overhaul  data  field.  The  removal  records  thus 
obtained  are  as  near  to  each  assembly's  next  overhaul  as  is 
possible  to  obtain. 

The  data  were  then  sorted  into  the  following  sequence  for  each 
group  of  assemblies  being  analyzed:  (1)  reason  for  removal 
or  failure  code,  and  (2)  hours  since  last  overhaul  for  assem¬ 
blies  with  zero  prior  overhauls.  The  analysis  was  performed 
separately  for  assemblies  with  zero  prior  overhuals  and  for 
assemblies  with  one  or  more  prior  overhausl.  Records  with 
blank  or  zero  removal  times  were  discarded.  Records  with 
failure  code  645,  which  indicates  spurious  time  values,  were 
discarded.  Records  with  hours  since  last  overhaul  greater 
than  the  TBO  value  of  the  assembly  plus  500  hours  were  dis¬ 
carded  as  being  in  error. 

A  count  of  the  number  of  removals  in  each  100-hour  increment 
of  component  life  was  determined  for  each  removal  reason  for 
each  different  analysis  being  performed.  See  Section  2.5.1, 
Hazard  Rates,  for  the  mathematical  technique  used  to  derive 
failure  modes  hazard  rate  estimates  from  these  removal  reason 
record  counts. 

Figure  1  presents  a  flow  chart  for  the  preparation  of  TAMMS 
2410  data  for  the  analysis  process. 

Tables  9  through  15  show  how  the  removal  records  for  each  of 
the  assemblies  were  grouped  by  reason  for  removal. 

2.4.2  Component  Overhaul  Records  Analysis 

This  analysis  provides  an  indication  of  the  capability  of  the 
parts  of  an  assembly  to  survive  through  multiple  overhauls. 

It  also  shows  that  putting  the  assembly  on  condition  should 
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not  require  longer  operation  of  the  parts  than  what  they  are 
already  achieving.  However,  the  parts  may  acquire  a  longer 
average  life  by  putting  the  assembly  on  condition. 

An  investigation  of  the  current  methods  being  used  during  com¬ 
ponent  overhaul  revealed  that  there  was  no  traceability  of 
those  parts  that  are  found  to  be  good  during  teardown.  This 
investigation  was  conducted  through  interviews  of  BHC  trans¬ 
mission  overhaul  and  inspection  personnel  and  telephone  con¬ 
versations  with  Quality  Assurance  personnel  at  the  U.S.  Army 
Aeronautical  Depot  Maintenance  Center  (ARADMAC) .  Therefore, 
based  on  this  information,  there  is  no  way  of  determining  the 
age  of  a  "good  used  part"  being  used  on  the  buildup  of  an 
assembly  after  it  has  been  through  its  first  overhaul.  This 
investigation  was  required  as  an  initial  step  to  provide  in¬ 
sight  into  the  overhaul  process  being  used,  so  that  a  better 
understanding  and  interpretation  of  the  findings  could  be  made. 

The  largest  single  task  of  this  analysis  was  the  hand-sorting  of 
all  in-house  SAV634  records^  for  each  component  being  reviewed. 
The  sorting  was  of  the  serial  numbers  of  the  components  and 
was  performed  to  identify  the  sequential  overhauls.  From  this, 
a  Sequential  Overhaul  List  (see  Figure  2)  was  prepared  for 
each  component.  Data  on  this  list  included  the  overhaul  number, 
initial/subsequent  serial  numbers  of  the  components,  time  since 
new,  time  since  last  overhaul,  the  removal  cause,  and  the  data 
source  (either  from  a  computer  listing  or  from  the  record 
forms).  In  addition  to  being  used  to  identify  those  serial 
numbers  that  had  sequential  overhauls,  this  list  was  used  to 
distinguish  any  erroneous  information  or  inconsistencies  be¬ 
tween  subsequent  overhauls  that  may  require  a  particular  entry 
to  be  eliminated. 

In  order  to  identify  those  items  for  each  component  assembly 
for  which  a  parts  replacement  analysis  was  performed,  the 
following  tasks  were  accomplished: 

-  A  list  of  all  parts  was  made  for  each  assembly  being 
reviewed. 

From  this  list,  all  standard  replacement  items  (i.e., 
nuts,  bolts,  seals,  etc.)  were  removed. 

-  Finally,  those  remaining  items  that,  in  the  opinion 
of  the  analyst,  did  not  perform  a  dyneimic  function  or 
contain  a  failure  mode  which  could  cause  loss  of  func¬ 
tion  of  the  assembly  and  result  in  a  safety-of-flight 
condition  were  removed.  The  remaining,  plus  any 
additional  parts  included  in  the  replacement  record 
due  to  assembly  modifications  that  were  not  excluded 
by  the  above  criteria,  formed  the  final  list  of  parts 
for  the  assembly  analysis. 
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Once  these  parts  were  identified  for  each  assembly,  they  were 
entered  by  part  number  in  alphanumeric  sequence  for  each 
assembly  on  the  form  displayed  in  Figure  3.  The  number  of  partr 
replaced  per  overhaul  was  recorded  for  each  serial-numbered 
assembly  in  the  Sequential  Overhaul  List  for  each  part  number . 
The  Failure  Code,  Time  Since  Mew,  and  Time  Since  Last  Overhaul 
were  also  entered  for  ease  of  correlation  analysis. 

Finally,  the  number  of  parts  replaced  per  overhaul  type  (i.e., 
first,  second,  third,  fourth)  were  summed  for  all  serial  numbers 
of  each  assembly.  Since  there  were  insufficient  data  in  the 
third  and  fourth  overhauls  to  warrant  separate  analysis,  these 
two  were  grouped  with  the  second  overhauls  into  one  classifica¬ 
tion.  Once  this  was  accomplished,  the  percent-parts-replacement 
calculations  were  made  for  the  first  overhauls  and  for  the 
second  and  subsequent  overhauls  for  each  part  with  data  avail¬ 
able. 

An  analysis  of  the  percentage  of  parts  replaced  at  overhaul  due 
to  critical  failure  modes  was  performed  next.  A  search  of  all 
SAV634  files,  including  the  newer  record  forms,  older  computer 
listings,  and  microfilm  of  the  older  data,  was  made.  The  data 
from  all  records  with  the  following  removal  codes  were  extracted 
as  appropriate  for  each  of  the  assemblies: 


Mechanical  Binding 

(040) 

Controls 

Inoperative 

(114) 

Binding 

(135) 

Jammed 

(370) 

Internal 

Failure 

(374) 

Seized 

(840) 

As  before,  the  number  of  replacements  per  part  number  was 
entered  on  a  form  similar  to  that  presented  in  Figure  3.  Also, 
for  the  analyses,  the  condition  of  the  parts  (worn,  pitted, 
scored,  etc.)  was  noted.  This  infoinnation  was  used  as  input 
for  the  failure  mode  and  effects  analysis.  A  summation  of 
the  number  of  parts  replaced  by  part  number  for  each  assembly, 
along  with  its  respective  percent-parts-replacement  calcula¬ 
tion,  was  made.  This  analysis  was  based  on  the  above  failure 
codes  since  they  relate  to  an  assembly  failure  mode  which  re¬ 
sults  in  loss  of  assembly  operation. 
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2,4,3  Accident  Data  Analysis 

This  analysis  is  performed  to  determine  whether  there  are  any 
failure  inodes  of  the  assemblies  that  can  impair  flight  safety 
or  that  can  occur  without  having  degradation  symptoms  which 
could  have  been  previously  observed  by  maintenance  personnel 
and/or  the  flight  crew. 

If  any  part  of  an  assembly  has  a  failure  mode  which  has  been 
suspected  of  causing  an  assembly  failure  and  which  has  re¬ 
sulted  in  a  forced  landing  or  more  severe  mishap,  the  part  and 
its  failure  mode  are  included  in  the  failure  modes  and  effect 
analysis, 

BHC  has  received  records  of  UH-l/AH-1  mishaps  from  the  Army 
since  1963,  These  data  are  supplied  by  the  U,S,  Army  Agency 
for  Aviation  Safety  (USAAVS) ,  formerly  U,S,  Army  Board  for 
Aviation  Accident  Research  (USABAAR) ,  These  data  were  initially 
received  on  IBM  cards;  now  they  are  received  on  magnetic  tape. 
There  have  been  three  different  formats  of  these  cards  since 
1963,  The  first  format  was  effective  through  31  December  1966. 
The  second  format  was  used  for  data  obtained  from  1  January  1967 
through  31  March  1971,  The  current  format  became  effective 
1  April  1971,  The  data  period  selected  for  this  analysis  is 
1  January  1967  through  31  March  1971, 

The  mishap  records  consist  of  a  series  of  codes  and  a  brief 
narrative  description  of  the  mishap.  The  mishap  classifica¬ 
tion,  aircraft  system  or  component  involved,  and  whether  the 
component  involved  had  a  failure  or  malfunction  are  given  in 
code  form. 

There  are  six  mishap  classifications; 

Class  1  -  Major  damage  -  total  loss 

Class  2  -  Major  damage  -  repairable 

Class  3  -  Minor  damage 

Class  4  -  Incidental  damage 

Class  5  -  Forced  landing 

Class  6  -  Precautionary  landing 

Classes  1  through  5  mishaps  are  defined  for  this  analysis  as 
occurrences  which  degrade  flight  safety  since  they  are  beyond 
the  discretion  of,  and  with  perhaps  limited  control  of,  the 

crew.  Class  6  mishaps,  the  precautionary  landings,  are  per¬ 

formed  at  the  discretion  and  under  the  control  of  the 
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They  arc  considered  to  be  mishaps  that  do  not  degrade  flight 
safety. 

The  data  for  each  model  were  sorted  by  mishap  classification 
and  the  failure/malfunction  code,  and  were  counted  to  deter¬ 
mine  the  total  number  of  material  failures  for  each  aircraft 
model  by  mishap  classification. 

To  determine  the  modes  of  failure  for  the  components  analyzed, 
a  computer  listing  of  the  records  for  each  of  these  components 
was  obtained.  The  records  were  sorted  by  mishap  classification 
code  and  the  failure/malfunction  code.  For  each  mishap  caused 
by  a  failure  or  malfunction  of  the  component,  the  narrative 
was  read  to  determine  the  mode  of  failure.  The  failure  modes 
for  each  component  were  tabulated  manually  and  grouped  by  air¬ 
craft  model  and  the  two  major  groups  of  mishap  classification 
(those  which  degrade  flight  safety  and  those  which  do  not) . 

2.4.4  Failure  Modes  and  Effects  Analysis 

The  purpose  of  the  Failure  Modes  and  Effects  Analysis  (FMEA) 
was  to  identify  a  part  failure  mode,  if  it  exists,  which  could 
occur  without  sufficient,  noticeable,  gradual  degradation  of 
the  assembly  and  would  result  in  the  loss  of  function  of  the 
assembly.  All  part  failure  modes  and  effects  were  considered 
in  light  of  their  significance  as  regards  the  assembly  being 
placed  in  an  on-condition  maintenance  environment. 

The  method  of  selection  of  parts  shown  in  the  FMEA  has  been 
described  in  Sections  2.3.4  and  2.5.3.  In  addition,  parts 
which  appeared  potentially  critical  from  accident  data  analysis 
failure  mode  descriptions  were  also  analyzed.  These  parts 
were  analyzed  to  see  whether  they  could  impair  flight  safety 
in  the  on-condition  consideration. 

The  degradation  conditions  which  were  recorded  for  the  parts 
which  were  replaced  were  found  in  the  Disassembly  Inspection 
Summary  data.  In  addition,  modes  of  part  degradation  and  the 
symptoms  and  effects  were  supplied  for  the  various  parts  by 
personnel  consulted  in  the  following  Engineering  groups: 

-  Transmission  Design 

-  Rotor  Design 

-  System  Safety 
Service 
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The  causes  and  effects  of  the  part  failure  inodes  of.  the  main 
transmission,  42-degree  gearbox,  and  90-degree  gearbox  in  the 
FMEA  were  taken  from  USAAVLABS  Technical  Report  70-66.^  The 
warning  signals  for  the  Individual  modes  were  supplied  by 
transmission  design  personnel.  The  inclusion  of  the  free¬ 
wheeling  clutch  assembly  and  other  parts  was  the  result  of 
the  accident  data  study.  System  Safety  2uid  Transmission 
Design  personnel  provided  assistance  for  the  failure  modes, 
effects,  and  warning  analysis  for  the  freewheeling  clutch 
assembly.  In  addition,  articles  by  H.  P.  Troendly^  and 
E.  Kirchner*  were  reviewed  for  the  FMEA  on  the  freewheeling 
clutch. 

Rotor  Design  and  Service  Engineering  personnel  provided  assist¬ 
ance  for  the  failure  modes  and  effects  analysis  of  the  main 
rotor  hubs  and  swashplate  and  support  assemblies.  The  Rotors 
and  Service  personnel  also  assisted  in  identifying  the  warnings 
for  the  various  part  failure  modes. 

The  various  organizational  level  maintenance  technical  manuals 
were  used  as  references  for  the  analyses.  In  analyzing  the 
overhaul  data,  ambiguous  failure  modes  or  descriptions  were 
clarified  by  consultation  with  the  overhaul  personnel.  Part 
removal  criteria  were  also  supplied  by  overhaul  personnel. 

In  addition,  component  drawings  were  employed  to  answer  other 
questions. 

2.5  MATHEMATICAL  EVALUATION  METHODS 


2.5.1  Hazard  Rates 


2. 5. 1.1  Analysis  Technique 

The  removal  reasons  were  grouped  into  the  following  major 
categories:  (1)  inherent  failure  causes,  (2)  induced  failure 

causes,  (3)  no  failure  causes,  and  (4)  unknown  causes.  The 


‘Bowen,  C.  W. ,  Dyson,  L.  L.,  and  Walker,  R.  D.,  MODE  OF 
FAILURE  INVESTIGATIONS  OF  HELICOPTER  TRANSMISSIONS,  USAAVLABS 
Technical  Report  70-66,  Eustis  Directorate,  U.  S.  Army  Air 
Mobility  Research  and  Development  L2d>oratory,  Fort  Eustis, 
Virginia,  January  1971. 

’Troendly,  H.  P.,  FULL  PHASING  FOR  ONE-WAY  CLUTCHES,  Product 
Engineering,  McGraw-Hill  Publishing  Company,  Inc.,  New  York, 
N.Y.,  December  1954. 

"Kerchner,  Engelbert,  SPRAG  CLUTCHES  MAKE  A  COMEBACK,  Aviation 
Age,  New  York,  N.Y.,  January  1955. 
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individual  inherent  failure  codes  were  grouped  into  subcate¬ 
gories.  The  number  of  removals  in  each  interval  for  each 
removal  reason  was  summed  to  obtain  totals  for  each  removal 
reason  category.  The  analysis  procedure  was  performed  sepa¬ 
rately  for  first  overhauls  and  all  subsequent  overhauls. 

A  sample  from  a  population  in  which  each  assembly  is  operated 
until  it  is  observed  to  fail  is  known  as  a  complete  sample. 

A  sample  in  which  some  assemblies  are  removed  for  nonfailure 
causes  before  they  have  failed  is  known  as  a  censored  sample. 

If  the  removal  time  is  known  for  all  assemblies  except  for 
those  removed  at  some  upper  limit,  e.g.,  TBO  or  retirement 
life,  then  the  data  are  said  to  be  simply  censored.  If  some 
of  the  censoring  times  are  less  than  uome  of  the  failure  times, 
then  the  data  are  said  to  be  multiply  censored.  If  the  cen¬ 
soring  times  in  multiply  censored  data  occur  at  successive 
stages  in  the  assembly's  life,  the  data  are  said  to  be  pro¬ 
gressively  censored.  The  censoring  times  can  be  random  or 
fixed.  An  ex£unple  of  a  random  censoring  time  would  be  a  main 
rotor  hub  that  is  removed  to  facilitate  an  unscheduled  main¬ 
tenance  action  on  a  main  transmission.  An  example  of  a  fixed 
or  predetermined  censoring  time  would  be  an  assembly  removed 
for  a  scheduled  maintenance  action  or  one  removed  for  time 
change.  Censored  items  are  referred  to  variously  in  the  litera¬ 
ture  as  losses,  withdrawals,  dropouts,  etc.  The  assembly  re¬ 
moval  data  that  have  been  analyzed  are  progressively  multiply 
censored  with  both  random  and  fixed  censoring  times.  Assemblies 
removed  for  unknown  causes  are  treated  as  censored  items  in  the 
hazard  rate  analyses.  The  following  is  the  mathematical  tech¬ 
nique  for  handling  censored  data. 

2. 5. 1.2  Mathematical  Model 

There  are  several  techniques  for  analyzing  censored  data.  The 
method  of  Kaplan  and  Meier’  and  the  method  of  Nelson*®  are 
both  based  on  estimation  of  conditional  probabilities  given 
survival  to  some  time,  t.  The  following  procedure  is  essen¬ 
tially  Nelsons'  method  but  has  been  modified  in  order  to  handle 
grouped  data.  The  steps  in  the  analysis  are  as  follows: 

First,  the  number  of  assemblies  surviving  at  the  beginning  of 
each  100-hour  interval  is  determined. 


’Kaplan,  E.  L. ,  and  Meier,  Paul,  NONPARAMETRIC  ESTIMATION 
FROM  INCOMPLETE  OBSERVATIONS,  ^erican  Statistical  Associa¬ 
tion  Journal,  June  1958,  pp.  457-481. 

* ’Nelson,  Wayne,  HAZARD  PLOTTING  FOR  INCOMPLETE  FAILURE  DATA, 
Journal  of  Quality  Technology,  Volume  1,  No.  1,  January  1969, 

pp.  27-52. - - 
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(1) 


n. 


=  N  - 


where 

N  s  total  number  of  assemblies  in  the  sample 

n.  =  number  of  survivors  at  the  beginning  of  the  ith 
interval;  i.e.,  conditional  sample  size 

rj^  =  number  of  failure  removals  during  the  kth  interval 

c.  =  number  of  items  lost  from  observation  or  censored 
during  the  kth  interval 

The  conditional  sample  size  can  also  be  determined  recursively 
from  the  previous  conditional  sample  size  by  subtracting  the 
combined  number  of  failures  and  censored  items  in  the  previous 
interval . 


nj^  =  N 

“  "i-1  "  (^i-1  ®i-l)  (2) 

Consider  an  assembly  capable  of  failing  from  m  different  modes. 
Let  r^^  be  the  observed  niunber  of  failures  in  the  ith  interval 

due  to  mode  j.  The  total  number  of  failures  in  the  ith  inter¬ 
val  is  given  by 


m 


j=l 


The  hazard  function  h(t)  is  given  by*® 


(3) 


h(t) 


_  f(t) 
"  rW 


(4) 


where 

f (t)  »  probability  density  function 
R(t)  =  reliability  function 

and  is  the  conditional  probedsility  of  failure  density  at  time 
t  given  thcit  failure  has  not  occurred  before  then. 
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Tlie  average  failure  rate  for  some  time  interval  is  defined  as 
the  total  number  of  falliires  occurring  during  the  interval 
divided  by  the  total  time  accumulated  on  all  components  operat¬ 
ing  during  the  interval.  Since  the  hazard  function  is  the 
instantaneous  failure  rate  at  time  t, ^  ^  we  may  estimate  the 
hazard  function  by  using  the  failure  rates  for  sequential 
time  intervals.  The  hazard  function  is  treated  as  if  it  were 
constant  for  each  time  Interval,  and  the  failure  rate  estimate 
is  used  to  represent  the  hazard  function.  To  determine  this 
estimate,  the  total  time  accumulated  on  all  of  the  components 
during  each  time  interval  needs  to  be  estimated. 

If  all  failure  and  nonfailure  removals  occur  at  the  end  of  the 
ith  interval,  the  total  time  accumulated  by  the  components 
during  the  Interval  would  be  n^^At,  where  At  is  the  length  of 

the  interval.  If  all  of  the  removals  occur  at  the  start  of 
the  interval,  then  the  total  time  accumulated  by  the  components 
during  the  interval  would  be  (n^^  “  ^i  ”  c^)At.  The  simplest 

and  most  logical  assumption  for  grouped  data,  in  the  adasence 
of  any  other  information,  would  be  that  the  removals  are  more 
or  less  uniformly  distributed  throughout  the  interval.  Thus, 
the  total  time  accumulated  by  the  components  is  approximately 
equal  to  the  average  of  the  cibove  two  estimates  or  n^ 

-  (r^  +  c^)/2jAt.  An  estimate  for  the  hazard  function  for  the 

ith  interval  due  to  the  jth  failure  mode  is  given  by 


u  _ _ 

“ij 

» 

At 

"i 

2 

From  equation  (3),  it  folj 

L 

Lows 

that 

« 

(5) 


m 


j=l  (6) 


That  is,  the  total  hazard  rate  is  simply  the  sum  of  the  modal 
hazard  rates. 


This  equation  provides  a  nonparametric  estimate  for  the  hazard 
function  which  can  be  plotted  as  a  histogram  in  a  manner  anal¬ 
ogous  to  that  used  in  plotting  the  probability  density  function 
derived  from  observed  sample  data.  Since  the  cumulative  hazard 
function  at  time  t  is  defined  by 
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H(t) 


h(u)  du 


(7) 


it  follows  that  a  nonpareunetric  estimate  for  the  cumulative 
hazard  function  at  t^^  due  to  mode  j  czm  be  obtained  by  slimming 

areas  of  the  rectangles  of  the  hazard  function  histogreun  from 
1  to  i. 


i 


I 


i 


2 


(8) 


From  equation  (3),  it  follows  that 


(9) 


A  nonparametric  estimate  simply  means  that  no  assumptions  have 
been  made  as  to  the  true  nature  of  the  underlying  probability 
distribution.  The  hazard  function  histogram  will  probably  show 
random  fluctuations  from  one  interval  to  the  next.  The  data 
can  be  smoothed  by  assuming  that  a  particular  pareunetric  re¬ 
presentation  of  the  distribution  holds.  A  useful  distribution 
for  this  approach  is  the  three-parameter  Weibull  distribution. 
The  cumulative  hazard  function  H(t}  for  this  distribution  has 
the  following  form: 


H(t) 


(10) 


where 

8  -  shape  parameter 
0  =  scale  parameter 
Y  =  location  parameter 

The  parameter  B  determines  the  shape  of  the  Weibull  curve, 
while  6  provides  a  scaling  effect  on  the  curve.  The  pareuneter 
6  is  also  known  as  the  characteristic  life  since  the  percentage 
of  items  failed  at  t  =  6  is  63.2  percent,  and  is  independent  of 
the  parameter  8.  The  parameter  y  indicates  the  starting  point 
of  the  distribution  before  which  no  failures  can  occur. 
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When  Y  ■  0  the  distribution  reduces  to  the  two-parameter  Weibull 
distribution.  This  distribution  provides  a  good  fit  to  most 
of  the  data.  For  some  failure  modes ^  for  which  the  data  showed 
no  failure  removals  during  the  first  100-hour  time  interval,  a 
better  fit  was  obtained  by  setting  y  *  100  hours.  In  the 
analysis  there  was  no  way  to  determine  from  the  data  the  reason 
for  the  apparent  shift  of  the  failure  mode  distributions  where 
they  occurred. 

If  we  take  the  natural  log  of  both  sides  of  Equation  (10) ,  we 
obtain 


In  H(t)  »  -  B  In  0  +  6  ln(t  -  y) 

(11) 

If  we  let 

Y  =  In  H(t) 

(12) 

X  =  ln(t  -  Y) 

(13) 

A  =  -  B  In  9 

(14) 

and 

B  «  B 

(15) 

we  see  that  Equation  (11)  becomes 

Y  =  A  +  BX 

(16) 

Since  Y  is  a  linear  function  of  X,  the  transformed  data  should 
plot  as  a  straight  line  on  regular  square  grid  paper.  Since 
6  *  B  is  the  slope  of  the  line,  the  parameter  B  is  frequently 
referred  to  as  the  Weibull  slope.  To  avoid  making  the  loga¬ 
rithmic  transformation,  a  special  plot  paper  called  Weibull 
hazard  paper  has  been  developed  which  allows  one  to  plot  H(t) 
versus  (t  -  y)  directly.  A  straight  line  can  then  be  drawn 
through  the  points  by  eye.  The  paper  is  actually  log- log  with 
two  auxiliary  scales  provided.  T1 e  upper  auxiliary  scale  is 
used  to  estimate  6,  and  the  second  auxiliary  scale  gives  the 
probability  of  failure  in  percent  for  the  corresponding  cumula¬ 
tive  hazard  percentage.  The  par2uneter  9  is  estimated  as  the 
value  of  (t  -  y)  on  the  straight  line  corresponding  to  100  per¬ 
cent  cumulative  hazard;  or,  equivalently,  63.2  percent  failed. 

The  pareuneter  y  is  usually  estimated  by  trial  and  error. 

Several  values  of  y  are  tried  and  the  one  which  produces  the 
most  nearly  linear  plot  is  used  as  the  estimate. 
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Rather  than  estimate  the  line  by  eye,  which  gives  only  a  sub¬ 
jective  fit,  the  method  of  least  squaretj  was  used  to  estimate 
the  parameters  A  and  R  from  which  we  get  3  and  9  as  follows: 

3  =  B  (17) 

e  =  (18) 

The  hazard  plots  in  Appendix  A  show  that  the  assumption  of  a 
Weibull  distribution  is  reasonable  and  facilitates  further 
analysis  of  the  data. 

Having  determined  3,  0  and  y,  the  reliability  function  at  time 
t  for  the  three-parameter  Weibull  distribution  is  given  by 

R(t)  =  (19) 


An  estimate  of  the  mean- time-between- remove Is  (MTBR)  for  both 
premature  removals  and  TBO  removals  can  be  obtained  from  the 
equation 


T 

MTBR  =  /  R(r)dt)  =  Y  + 

•4 


(20) 


where  T  =  TBO  of  the  as'^OMbly. 

Equation  (20)  can  be  evaluated  in  closed  form  only  for  3  ==  1 , 
yielding  the  result 


MTBR  =  Y  +  0 


L 


(21) 


If,  in  addition,  y  =  0,  then  EqUiitlon  (21)  reduc?s  to  the  usual 

result  for  the  exponential  distribution  where  9  =  MTBF  of  the 
failure  distribution. 


In  general.  Equation  (20)  itust  be  evaluated  numerically  by 

some  procedure  such  as  Simpson's  rule. ^ * 


^ ^McCracken,  Daniel  D. ,  and  Dorn,  William  S.,  NUMERICAL 
METHODS  AND  FORTRAN  PROGRAMMING,  John  Wiley  and  Sons, 
Inc.,  New  Yorlc,  1964,  pp.  160-193. 
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2.5.2  Parts  Replacement  Calculations 


The  calculations  for  the  percentage  of  parts  replaced  at  first 
overhaul,  for  those  replaced  at  second  and  subsequent  overhauls, 
and  for  those  replaced  due  to  critical  failure  modes  were  based 
on  the  following  equation: 

%  Replaced  =  ^ - rs. - r— r  ^  100  (22) 

(Quantity  per  Assy)  x  (No.  of  Assy's) 

where 


No.  Replaced  =  total  number  of  parts  found  to  be 

replaced  for  each  type  of  overhaul 
(first,  second  and  subsequent,  and 
due  to  critical  failure  modes) 

Quantity  per  Assy  =  total  number  of  a  particular  part 

per  those  specific  assemblies  reviewed 
in  the  analysis 

No.  of  Assy's  =  this  is  the  total  sample  size  of  the 

SAV634  records  reviewed  for  a  par¬ 
ticular  assembly. 

2.5.3  Identification  of  Parts  for  Failure  Mode  Study 

The  study  of  the  parts  replacement  history  determined  the  per¬ 
centage  of  the  functioning  parts  by  part  number  that  wt*fe 
replaced  from  three  groups  of  assemblies: 

Assemblies  being  overhauled  for  the  first  time 

Assemblies  being  overhauled  for  the  second  or 
subsequent  time 

-  Assemblies  being  overhauled  wh i ch  had  one  of  the 
critical  group  of  failure  codes  ro-nrded  as  reason 
for  removal 

Parts  were  selected  for  the  failure  mode  study  on  the  basis 
of  the  results  of  the  parts  replacement  analysi.,  by  using  the 
following  procedure.  Note  that  no  part  was  omitted  from  the 
analysis  simply  because  the  percentage  replaced  from  the  assem¬ 
blies  with  critical  failure  codes  was  small. 
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First,  the  percentage  replacement  from  the  assemblies  with 

critical  failure  codes  was  denoted  as  P  .  Next,  the  average 

c 

percentage  replacement  at  overhaul,  P^,  was  calculated  by 


NiPi 
Ni  +  N2 


N2P2 


Ni  t 


N, 


(23) 


where 

Nj^  =  niomber  of  first  overhaul  assemblies 

-  number  of  second  and  subsequent  overhaul 
assemblies 

Pj^  =  percentage  of  the  parts  replaced  at  first  overhaul 

P^  =  percentage  of  the  parts  replaced  at  second  and 
subsequent  overhauls 

The  percentage  replaced  at  first  overhaul  and  the  percentage 
replaced  at  second  and  subsequent  overhauls  can  be  found  in 
tables  in  Section  3.2.  N.  and  N,  can  be  found  in  the  footnotes 
of  the  same  tables. 

The  ratio  was  computed  by 

P 

_  __c  _  Percentage  replaced  due  to  critical  failure  modes 
s  ~  =  ~  Average  percentage  replacement  at  overhaul  (24) 


Components  to  be  analyzed  in  the  Failure  Mode  Analysis  were 
then  selected  by  the  following  critieria: 

If  the  ratio  equaled  or  exceeded  1 

If  the  product  of  the  ratio  R  and  the  percentage 

s 

replaced  due  to  a  critical  failure  mode,  P  , 

equaled  or  exceeded  50. 

The  first  selection  criterion  was  used  since  it  would  select  any 
part  which  was  replaced  more  often  from  assemblies  removed  for 
potentially  critical  failure-coded  causes  than  from  the  average 
assembly  overhauled.  The  second  criterion  was  more  arbitrarily 
established.  Its  objective  was  to  select  parts  which  have  a 
large  percentage  of  replacement  during  overhaul  of  the  criti¬ 
cally  coded  assemblies  even  though  the  percentage  is  still 
somewhat  less  than  the  parts  overhaul  average  percent  replace¬ 
ment  at  overhaul. 
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The  remaining  parts  are  considered  to  have  been  shown  to  have 
adequate  life  and  safe  operation  by  their  continued  high  per¬ 
centage  of  reinstallation  such  that  a  failure  mode  and  effect 
analysis  on  them  would  be  unnecessary. 
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3.0  ANALYSIS  RESULTS 


The  general  results  of  the  analyses  indicate  that  assembly  modes 
of  degradation  occur  concurrently  and  proceed  until  either  one 
of  the  modes  beconies  unacceptable  or  the  TBO  interval  has  been 
expended,  at  which  time  the  assembly  is  removed  for  overhaul. 
This  process  may  be  interrupted  by  an  externally  caused  situa¬ 
tion  or  condition  which  will  necessitate  removal  for  overhaul 
or  scrap.  The  unacceptable  level  of  degradation  occurs  prior 
to  any  mode  which  would  cause  loss  in  function. 

All  the  dynamic  parts  of  the  assemblies  reviewed  for  parts  re¬ 
placement  during  overhaul  had  at  least  a  percentage  that  sur¬ 
vived  for  reinstallation  in  an  overhauled  assembly. 

Although  there  were  some  records  in  the  accident  data  which 
attibuted  material  failures  of  the  five  dynamic  components  to 
forced  landings  or  worse  situations,  on  analysis  of  the  nar¬ 
rative  record  and  the  mode  reported,  it  was  concluded  that  the 
component  failure  either  was  secondary  to  some  other  primary 
cause,  was  charged  as  the  accident  cause  when  only  suspected, 
or  resulted  from  inadequate  maintenance. 

Only  a  few  of  the  dynamic  parts  of  assemblies  removed  for  a 
coded  failure  cause  which  could  be  potentially  critical  showed 
a  significant  increase  in  percentage  of  replacement  during 
overhaul  over  the  percentage  replaced  during  overhaul  of  the 
assemblies  reviewed  for  consecutive  overhaul.  Failure  mode 
and  effects  analyses  of  these  parts  revealed  no  modes  which 
could  degrade  to  an  unsafe  condition  without  producing  symp¬ 
toms  which  would  be  adequate  to  provide  for  safe  replacement 
of  the  assembly.  This  was  also  true  for  parts  mentioned  in 
the  accident  data  narratives  which  did  not  show  a  higher 
percentage  of  replacement. 

3.1  COMPONENT  REMOVAL  DATA 

Tables  9  through  15  show  that  although  a  large  percentage  of 
the  assembly  removals  were  for  unknown  causes,  the  number  of 
assembly  removals  for  inherent  causes  were  more  than  adequate  to 
provide  significant  results  for  the  inherent  failure  mode  hazard 
rate  analyses.  It  was  assumed  in  the  analysis  that  the  group  of 
assemblies  removed  for  unknown  causes  was  similar  to  and  would 
not  significantly  alter  the  proportional  distribution  of  the 
other  causes  of  assembly  removal.  For  time  values  less  than 
the  time  of  their  removal  thay  were  treated  as  part  of  the 
operating  population  for  the  Weibull  Analyses. 
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Table  16  shows  the  Weibull  distribution  parameters  for  the 
combined  failure  cause  removals  of  assemblies  for  overhaul. 

It  shows  the  MTBR  resulting  from  the  removal  distribution  and 
the  scheduled  TBO,  Figures  4  through  10  present  plots  of 
these  distributions  on  Weibull  probability  paper. 

Table  17  shows  the  Weibull  distribution  characteristics  which 
were  obtained  for  each  asrembly  type  inherent-failure-coded 
cause  of  removal  for  overhaul.  It  shows  separately  the  results 
for  the  removals  for  first  overhaul  and  for  the  second  and 
subsequent  overhauls.  It  also  shows  the  characteristics  for 
the  combined  distribution  of  all  inherent  failure  modes.  Al¬ 
though  for  some  failure  modes  there  was  a  higher  characteristic 
life  for  previously  overhauled  assemblies,  the  characteristic 
iDfe  for  the  combined  inherent  failure  mode  distributions  for 
all  assemblies  was  greater  for  the  assemblies  not  previously 
overhauled.  The  percentage  that  the  characteristic  life  dif¬ 
fered  varied  from  about  5  percent  for  the  Model  540-type  swash- 
plate  to  63  percent  for  the  90-degree  gearbox.  In  no  case  did 
the  shape  parameters  (6)  of  the  individual  inherent  failure 
mode  distributions  exceed  1.9,  and  75  percent  of  the  distribu¬ 
tions  had  shape  parameters  equal  to  1  ±0.4,  In  no  case  were 
the  higher-valued  shape  parameters  (that  are  characteristic 
of  bearing  and  gear  failure  distributions*)  apparent  in  the 
analysis  results.  This  suggests  that  the  extent  of  degrada¬ 
tion  necessary  to  consider  that  the  bearing  or  gear  has  failed 
may  be  considerably  more  extensive  than  the  bearing  or  gear 
degradation  necessary  to  cause  assembly  replacement. 


The  plots  of  the  cumulative  hazard  analysis  are  in  Appendix  A. 


*Gears  in  BHC  transmission  have  shape  parameters  in  the  region 
of  5  to  5.5  while  steel  bearings  as  a  class  have  shape  param¬ 
eters  3.7  to  4.0.  Examples  of  these  shape  parameters  have 
been  shown  by  C.  W.  Bowen  in  "Analysis  of  Transmission  Failure 
Modes,"  paper  710454  presented  at  SAE  National  Air  Transpor¬ 
tation  Meeting,  Atlanta,  Georgia,  May  1971,  and  D.  V.  Sundberg 
in  "Ceramic  Roller  Bearings  for  High  Speed  and  High  Temperature 
Applications,"  paper  740241  presented  at  SAE  Automotive  Engi¬ 
neering  Congress,  Detroit  Michigar  ,  F  ibi' .lary  1974. 
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3.2  COMPONENT  OVERHAUL  ANALYSIS  TO  DETERMINE  PARTS  REPLACE- 
MENT  PERCENTAGE 

The  component  overhaul  analysis  revealed  several  significant 
results. 


-  Except  for  a  few  parts,  there  is  a  good  probability 
that  the  parts  will  survive  more  than  two  assembly 
overhauls. 

-  Prior  to  early  1974,  when  the  number  of  assemblies 
being  overhauled  per  year  was  large .  the  parts  removed 
during  the  overhaul  process  that  were  Inspected  and 
found  to  be  acceptable  lost  identity  with  the  assemblies 
from  which  they  were  removed.  The  parts  were  stored 
with  like  parts.  During  reassembly,  parts  were  drawn 
from  this  stock  for  installation.  After  assembly,  the 
only  part  of  the  assembly  which  would  have  the  same  time 
since  new  as  that  recorded  for  the  assembly  was  the  part 
onto  which  the  assembly  serial  number  was  bonded.  This 
situation  may  make  the  next  item  an  even  more  difficult 
problem  to  evaluate,  and  if  necessary,  to  correct. 

-  The  records  indicate  that  for  even  the  relatively  small 
sample  of  assemblies  examined,  some  life-limited  parts 
have  been  reinstalled  in  hub  and  swashplate  assemblies 
and  will  exceed  their  retirement  life  therein. 

Tables  18  through  28  show  the  percentage  of  the  parts  by  part 
number  that  were  replaced  during  the  first  overhaul  and  at 
second  and  subsequent  overhauls.  The  assembly  part  numbers 
are  those  that  the  assemblies  were  configured  to  at  the  last 
recorded  overhaul.  The  percentage  of  the  parts  replaced  from 
assemblies  removed  for  critical  failure  codes  is  shown  so  that 
the  parts  with  a  significant  difference  in  replacement  percent¬ 
age  can  be  identified  for  further  study. 

Table  29  shows  the  mean  time  to  removal  (MTR)  values  for  the 
sequential  overhaul  sample.  The  MTR  of  the  assemblies  at  the 
second  overhaul  was  consistently  less  than  the  MTR  at  the  first 
overhaul. 

The  parts  listed  in  Tables  18  through  28  are  in  general  those 
thought  to  have  an  operational  function  in  the  assembly.  The 
percentage  replaced  during  overhaul  was  low  for  most  of  ttie 
parts.  This  means  that  at  least  some  of  the  parts  continue  to 
operate  and  maintain  an  acceptable  condition  for  multiple  over¬ 
haul  periods  and  provide  no  limitation  to  on-condition  main¬ 
tenance  capability. 
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The  following  identifies  a  potential  part  reinstallation  problem 
for  some  of  the  assemblies.  A  recomnendation  covering  this 
problem  is  presented  in  Section  6. 

Only  60  percent  of  the  204-011-113**l  straps  were  replaced  during 
the  second  overhaul  of  the  204-011-101-9/-11  main  rotor  hub. 
Therefore,  it  is  probedsle  that  40  percent  of  these  1100-hour 
limited-life  parts  with  time  already  accrued  on  them  were  re¬ 
installed  in  overhaul  assemblies  to  go  another  1100  hours.  This 
would  then  exceed  their  retirement  life. 

Only  11  percent  of  the  204-012-104-5  strap  pins  were  replaced 
during  the  first  overhaul,  zmd  none  were  replaced  during  the 
second  overhaul  of  the  204-012-101- 3/-5  main  rotor  hubs.  This 
means  that  some  of  these  pins  with  more  than  1100  hours  on  them 
have  a  probed^ility  of  accumulating  greater  than  2200  hours. 

This  would  then  exceed  their  retirement  life.  The  same  situa¬ 
tion  to  a  lesser  degree  exists  for  the  204-012-112-5  straps  on 
the  same  assembly. 

A  similar  situation  exists  for  the  204-012-112-7  straps  on  the 
540-011-101-5  and  540-011-101-9  assemblies. 

Only  82  percent  of  the  540-011-452-5  support  assemblies  on  the 
540-011-450-7  swashplate  were  replaced  at  first  overhaul.  This 
means  that  18  percent  were  reinstalled  to  begin  another  1100- 
hour  TBO  interval  after  already  accruing  flight  hours.  When 
the  assemblies  went  through  the  second  overhaul,  only  55  per¬ 
cent  of  the  supports  were  replaced.  This  means  that  45  percent 
of  the  supports  will  have  accumulated  time  before  they  are 
installed  to  begin  another  1100-hour  TBO  interval.  Since  the 
scheduled  retirement  interval  on  the  support  is  1100  hours,  it 
is  quite  probable  that  this  time  will  be  exceeded  on  at  least 
some  of  the  supports,  assuring  at  least  part  of  the  assemblies 
survive  to  their  TBO. 

Several  of  the  parts  in  hubs  and  swashplates  have  retirement 
lives  of  3300  hours.  While  the  data  are  inadequate  to  evaluate 
a  numerical  probability  of  retirement  life  exceedance,  a  quali¬ 
tative  probability  exists  since  there  is  no  way  in  which  their 
accumulated  time  is  being  tracked.  Also,  if  1100-hour  retire¬ 
ment  life  assemblies  can  be  reinstalled  during  overhaul  so 
that  they  can  exceed  their  retirement  life,  it  is  reasoned) le 
to  assume  that  the  3300-hour  parts  will  also  be  reinstalled 
to  exceed  their  retirement  lives. 

3.3  ANALYSIS  OF  ACCIDENT  DATA 

The  accident  data  analysis  revealed  that  only  a  small  percentage 
of  the  mishaps  resulting  in  forced  landings  or  damage  to  the 
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aircraft,  leas  than  6  percent,  was  concerned  with  material 
failures  of  the  five  drive  system  components.  This  Is  equiv¬ 
alent  to  a  mishap  rate  of  almost  1  per  100,000  flight  hours. 

Most  of  these  mishaps,  97  percent,  concerned  the  main  trans¬ 
mission  (50  percent),  90-degree  gearbox  (36  percent),  and 
42-degree  gearbox  (11  percent) .  Of  the  remaining  3  percent, 

2  percent  concerned  the  main  rotor  hub  and  1  percent  concerned 
the  swashplate. 

The  percentage  of  the  precautionary  landing  mishaps  which  was 
concerned  with  material  failures  of  the  five  drive  system 
components,  9.6  percent,  was  somewhat  greater  than  the  6 
percent  observed  for  the  more  serious  mishaps.  The  9.6  per¬ 
cent  Is  equivalent  to  a  mishap  rate  of  1  per  37,700  flight 
hours. 

As  was  the  case  for  the  more  serious  mishaps,  97  percent  of 
the  precautionary  landing  mishaps  related  to  the  main  trans¬ 
mission  (73  percent),  90-degree  gearbox  (19  percent),  and 
42-degree  gearbox  (4  percent).  This  group  of  mishaps  does  not 
Include  the  chip  detector  warning  system  failures  or  fuzz 
warnings . 

Table  30  shows  how  the  mishaps  were  distributed  among  the 
five  aircraft  models. 

The  accident  record  narrative  card  data  of  the  mishaps  on  the 
five  types  of  drive  system  assemblies  were  reviewed  to  Identify 

the  assembly  failure  modes,  wherever  possible.  The  results  of 
this  review  are  shown  In  Tables  31  through  40.  The  failure 
mode  descriptions  for  the  forced  landing  and  aircraft  damage 
mishaps  were  compared  with  the  failure  mode  descriptions  of 
the  precautionary  landing  mishaps  In  an  effort  to  identify 
parts  of  the  assemblies  which  should  be  Included  in  the  failure 
modes  and  effects  emalysis. 

The  parts  Identified  were: 

Main  Transmission 

-  Input  Quill  -  for  loss  of  drive  Into  transmission. 

-  Tall  Rotor  Output  Quill  -  for  loss  of  tall  rotor 
drive . 

-  Lower  Sun  Gear  -  for  failure. 
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-  Planetary  Gear  -  for  failure. 

-  Lower  Planetary  Gear  Bearing  -  for  failure. 
42-Degree  Gearbox 

-  Input  Spline  Coupling  -  for  loss  of  drive. 

-  Input  Bevel  Gear  -  for  loss  of  drive. 

90-Oegree  Gearbox 

Input  spline  coupling  -  for  loss  of  drive. 

-  Output  Gear  -  for  loss  of  drive. 

Main  Rotor  Hub 

None 

Swashplate  (UH-IB/D/H) 

-  Trunnion  -  for  failure  resulting  in  loss  of  drive- 
to»scissors  assembly. 

3.4  FAILURE  MODES  AND  EFFECTS  ANALYSIS  OF  SELECTED  PARTS  OF 
THE  DRIVE  SYSTEM  ASSEMBLIES 


Parts  thought  to  be  potentially  critical  were  selected  for 
failure  modes  and  effects  analysis  (FMEA) .  The  results  pre¬ 
sented  in  Appendix  B  indicate  that  no  part  of  any  assembly  has 
a  failure  mode  that  would  impair  flight  safety  that  would  not 
be  preceded  by  degradation  adequate  to  be  observed  either  by 
the  inspection  processes  or  by  the  caution  and  warning  systems. 

Tcdjle  41  shows  the  ratios  which  resulted  from  the  comparison 
of  the  percentage  of  the  parts  installed  that  were  replaced 
from  the  assemblies  removed  for  the  more  critically  coded  re¬ 
moval  causes  and  the  percentage  of  the  parts  that  were  replaced 
from  the  group  of  assemblies  with  records  of  sequential  over¬ 
hauls  (data  from  Tables  18  through  28).  The  process  followed 
to  obtain  the  ratios  was  described  in  Section  2.5.3. 

The  FMEA  (Appendix  B)  was  performed  on  the  parts  listed  in 
Table  41  cuid  the  parts  also  shown  to  be  potentially  critical 
by  the  accident  data  analysis.  The  conditions  shown  in  T^U^le 
42  causing  replacement  of  the  parts  were  used  as  an  input  for 
the  FMEA.  The  parts  for  which  it  was  determined  that  the  re¬ 
placement  percentage  ratio  shown  on  Table  41  was  the  result 
of  an  assembly  modification  rather  than  a  degradation  condi¬ 
tion  were  deleted  f^rom  the  FMEA.  Table  42  shows  by  percentage 
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of  total  replacement  causes  the  proportional  distribution  of 
the  part  conditions  described  by  the  disassembly  inspection 
summary  records. 

The  FMEA  showed  no  part  to  have  failure  modes  which  would 
limit  on-condition  maintenance  capability. 
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4.0  EVALUATION  OF  CURRENT  ASSEMBLY  CONDITION 
MONITORING  PROCEDURES  AND  DEVICES 

The  condition  of  the  entire  UH-l/AH-1  drive  system  is  monitored 
by  maintenance  personnel  in  conformance  with  instructions  con¬ 
tained  in  the  preventive  maintenance  inspection  requirement 
cards  and  special  Inspection  and  test  flight  inspection  require¬ 
ments  included  in  the  organizational  maintenance  manual.  Hie 
requirements  for  the  AH-IG  covering  the  five  components  in  this 
study  have  been  extracted  from  the  technical  manuals  and  are 
presented  in  Appendixes  C,  D,  and  E.  These  requirements  are 
typical  of  those  established  for  the  UH-1  models. 

While  the  current  diagnostic  and  inspection  procedures  do  not 
identify  an  internal  problem  of  an  assenibly  with  a  specific 
internal  part^  most  of  the  significant  modes  of  internal  part 
degradation  should  be  recognized  by  one  of  the  warning  systems 
or  during  inspection.  The  rest  should  cause  excessive  vibra¬ 
tion  during  aircraft  operation  which  would  in  turn  require  a 
troubleshooting  check  or  component  replacement.  Failure  modes 
of  external  parts  of  an  assembly  should  be  observed  by  inspec¬ 
tion. 


4.1  INSPECTION  PROCEDURES 

The  current  preventive  maintenance  inspection  procedures  for 
each  of  the  five  components  being  analyzed  are  as  follows. 

-  Main  Transmission  - 

Daily  Inspection  (Preventive  Maintenance  Daily  (PMD))  -  Check 
the  transmission  and  connections  for  damage  and  oil  leaks . 

Check  sump  for  water  conteunination  (if  aircraft  has  been  sit¬ 
ting  for  a  long  period)  and  for  oil  level.  Check  transmission 
oil  filter  for  bypass  indication  and  sight  glass  for  damage. 

Intermediate  Inspection  (Preventive  Maintenance  Intermediate 
(PMI) )  -  Perform  everything  per  PMD,  plus  inspect  and  clean 
transmission  oil  screen  and  magnetic  plug,  and  check  continuity 
of  system.  Take  oil  sample  per  procedures  in  TB  556650-30-15 
(Spectrometric  Oil  Analysis) . 

Periodic  Inspection  (Preventive  Maintenance  Periyiic  (PMP) )  - 
Perform  everything  per  PMI,  plus  replace  external  oil  filter, 
change  transmission  oil,  and  clean  pump  screen. 

-  42-Degree  and  90-Deqree  Gearbox  Assemblies  - 

PMD  -  Check  for  security,  oil  level  and  leaks.  Inspect  sight 
gage  for  damage  or  strain. 
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PMI  -  Perform  everything  per  PMD,  plus  inspect  and  clean  mag¬ 
netic  plug  and  check  continuity  of  systems.  Also  inspect  filler 
caps  for  clogged  vent.  On  SO-degree  gearbox  only,  inspect  the 
mount  casting  for  evidence  of  chafing  by  vertical  fin  door. 

Take  oil  sample  from  both  gearboxes  as  per  instructions  out¬ 
lined  in  TB  556650-300-15  (Spectrometric  Oil  Analysis) . 

PMP  -  Same  as  PMI,  plus  change  the  oil  in  both  gearboxes. 

-  Main  Rotor  Hub  - 

PMP  -  Check  main  rotor  pillow  block  and  grip  reservoir  for  oil 
level,  leakage,  and  contamination. 

PMI  -  Exactly  the  seune  as  the  PMD. 

PMP  -  Same  as  the  PMI,  plus  flushing  the  pillow  block. 

-  Swashplate  and  Support  - 

PMD  -  Visually  inspect  control  lugs  on  swashplate  inner  ring 
for  cracks.  Visual  inspection  is  also  required  on  swashplate 
with  load  transfer  devices  installed. 

PMI  -  Same  as  PMD, 

PMP  -  Same  as  PMI,  plus  check  for  excessive  play  in  bearings 
an3  bushings  between  collective  sleeve  drive  plate  and  mast. 

Daily  inspections  of  the  drive  system  are  absolutely  necessary 
to  assure  continued  safe  operation.  Daily  inspections  are 
limited  to  visual  and  touch  examination  of  the  components.  The 
internal  functions  are  not  checked  by  a  ground  run-up  for  this 
maintenance  event  which  could  permit  a  critical  failure  mode 
of  a  dynamic  interior  part  to  go  undetected.  Yet  the  frequency 
of  this  inspection  (to  be  performed  aftcir  the  last  flight  of 
the  day  or  preceding  the  first  flight  the  next  day) ,  coupled 
with  the  diagnostic  monitoring  and  fs alt  warning  devices, 
compensates  for  its  limitations.  The  daily  inspection  could 
be  more  effective  if  it  were  modified  to  include  dyncunic 
checks  of  the  drive  system  to  identify  the  presence  of  unusual 
noise  or  vibration. 

The  intermediate  inspection  is  scheduled  to  be  performed  every 
25  flight  hours  on  the  UH-l/AH-1  helicopters.  It  is,  for  the 
most  part,  an  extension  of  the  daily.  For  all  components  re¬ 
viewed,  the  intermediate  inspection  includes  all  phases  of 
the  daily  plus  the  inspection  and  cleaning  of  screens,  magnetic 
plugs,  and  filler  caps  for  the  transmission  and  gearboxes. 

There  is  no  difference  between  the  daily  and  intermediate  in¬ 
spections  for  the  main  rotor  hub  and  swashplate  assemblies. 
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The  PMI  calls  for  taking  oil  samples  from  the  transmission  and 
gearboxes  for  spectrometrlc  analysis.  It  is  performed  to  de¬ 
tect  those  failures  which  are  characterized  by  an  abnormal  in¬ 
crease  in  the  wear  metal  content  of  the  lubricating  oil  and 
advance  at  a  rate  slow  enough  to  permit  corrective  action. 
Progressive  fatigue  damage  cannot  be  detected  by  this  tech¬ 
nique.  The  Inspection  of  screens  and  magnetic  plugs  does  aid 
in  detecting  metallic  particles  or  other  material  that  may 
indicate  oil  contamination  or  internal  failure.  Also,  during 
inspection  of  the  magentic  plugs,  the  chip  detector  system  can 
be  checked  for  proper  functioning. 

The  periodic  inspection  covers  all  events  outlined  in  the  daily 
and  intermediate  inspections,  plus  changing  oil  5uid  oil  filters 
and  checking  for  excessive  play  in  bearings  and  knshings  for 
all  applicable  components.  Changing  oil  in  the  systems  reduces 
the  possibility  of  false  chip  detector  indication  due  to  fuzz 
accumulation  resulting  from  normal  wear,  and  also  reduces  the 
probability  of  oil  conteuninatlon.  The  PMP,  performed  every  100 
flight  hours,  provides  a  comprehensive,  thorough,  and  searching 
inspection  of  those  items  which  are  subject  to  adjustment  dis¬ 
crepancies  or  failure. 

Due  to  specific  conditions  or  incidents  which  randomly  arise 
(such  as  hard  landings,  overspeed,  sudden  stoppage,  etc.), 
special  immediate  inspections  are  required  to  further  ensure 
safe  flight.  In  the  process  of  these  inspections,  major  com¬ 
ponents  within  the  power  and  drive  systems,  depending  upon  the 
type  of  incident  and  degree  of  damage,  may  be  replaced  and  sent 
to  overhaul  for  teardown  analysis. 

4.2  FAULT  WARNING  AND  DIAGNOSTIC  DEVICES 

The  fault  warning  euid  diagnostic  devices  located  in  the  trans¬ 
mission  consist  of  the  following:  (See  Figure  11  for  relative 
position  of  the  devices  within  the  transmission  oil  system 
numbered  below. ) 

(1)  Visual  indication  of  the  oil  level  in  the  transmission 
(checked  on  PMD)  is  provided  by  two  small  treuisparent 
plastic  plugs  set  into  the  right  side  of  the  sump  case, 
backed  by  indicator  disc  with  FULL  and  LOW  markings. 
Careful  inspection  must  be  made  of  the  oil  level  sight 
gages  to  ensure  that  they  are  not  oil  stained  internally, 
which  would  give  erroneous  indications  of  proper  oil 
level. 

(2)  The  transmission  oil  pvunp  screen  located  in  the  sump 
(checked  and  cleaned  on  PMI)  may  indicate  oil  contam¬ 
ination  or  internal  failure  if  metal  particles  are 
found  upon  cleaning. 
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(3)  The  transmission  chip  detector  (checked  and  cleaned  on 
PMI)  is  located  next  to  the  pump  screen.  When  the 
magnetic  pole  attracts  sufficient  metal  chips  to  com¬ 
plete  the  circuit  between  the  pole  amd  the  ground, 
the  CHIP  DETECTOR  segment  on  the  caution  panel  will 
illuminate.  The  presence  of  metal  particles,  however, 
is  not  necessarily  an  indication  that  the  transmission 
or  gearbox  is  no  longer  serviceable.  The  quantity, 
source,  form,  and  type  of  metal  found,  together  with  the 
service  history  of  the  particular  component,  must  be 
taken  into  consideration.  Time  Since  New  (TSN)  and  Time 
Since  Last  Overhaul  (TSLO)  ,  previous  failures,  and  the 
type  of  operation  are  also  In^ortant  factors  in  deter¬ 
mining  the  further  serviceability  of  the  unit.  Chip  de¬ 
tector  Illumination  from  either  the  transmission,  the  42- 
degree  gearbox,  or  90-degree  gearbox  warrants  an  eUsort  to 
the  nearest  safe  landing  area,  which  in  most  cases  will 
be  the  home  base.  Upon  landing,  an  inspection  of  the 
respective  magnetic  plug  should  be  made  and,  depending 
upon  the  quantity  and/or  size  of  the  metal  particles, 
the  proper  maintenance  action  should  be  initiated. 

(4)  The  transmission  oil  pressure  indicator  provides  con¬ 
tinual  readings  in  psi  by  means  of  an  electrical  trans¬ 
mitter  mounted  directly  into  the  oil  manifold. 

(5)  The  transmission  oil  pressure  warning  light  provides 
an  operational  cross-check  with  the  indicator.  If 
the  oil  pressure  in  the  transmission  drops  below  28 
psi,  the  warning  light  should  illuminate,  indicating 
a  defective  relief  valve  or  oil  pump. 

(6)  The  transmission  oil  temperature  indicator  continually 
measures  the  temperature  in  the  oil  memifold. 

(7)  The  transmission  oil  temperature  hot  light  provides  an 
operational  cross-check  with  its  indicator.  If  the 
transmission  oil  temperature  becomes  greater  than 

230 **F  and  the  other  affected  systems  are  within  the 
limits,  then  the  transmission  should  be  checked  for 
internal  failure.  If  excessive  transmission  oil  tem¬ 
perature  or  low  tr2Uismission  oil  pressure  are  indicated, 
then  the  pilot  is  instructed  to  proceed  as  follows: 

-  Accomplish  a  normal  landing  at  the  nearest  safe 
landing  area. 

-  Do  not  continue  flight  until  the  cause  has  been 
determined  and  corrective  action  taken. 
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Tha  transmission  has  two  filters;  an  internal  sump  filter  and 
an  external  filter  in  the  oil  line  from  the  oil  coolers.  Both 
filters  have  internal  bypass  valves  which  activate  should  the 
filter  elements  become  clogged.  Only  the  external  filter  has 
a  signal  when  the  bypass  valve  has  been  activated.  However, 
nowhere  in  the  organizational  maintenance  manuals  are  there 
any  diagnostic  instructions  relating  to  the  two  filters.  TM55- 
1520-210-PMS,  UH-lD/H  Aircraft  Preventive  Maintenance  Services, 
dated  9  May  1975,  which  replaced  the  PMD,  PMI  and  PMP  documents 
dated  1969,  give  instructions  for  cleaning  the  internal  sump 
filter  every  25  hours  and  replacing  the  filter  element  and 
cleaning  the  housing  of  the  external  filter  every  100  hours. 

It  is  possible  that  criteria  could  be  established  to  permit 
the  filter  conditions  to  provide  a  diagnostic  function.  A 
study  would  be  necessary  to  correlate  the  contaminant  collected 
in  the  filter  with  the  wear  condition  of  the  transmission  before 
criteria  and  inspection  procedures  could  be  established. 

The  42-  and  90-degree  gearboxes  have  some  of  the  saise  aiac^nos- 
tic  devices.  Each  contains  an  oH  i:€VSl  sighT“gagB~fDTr visual 
checks  on  the  PMD  and  a  magnetic  chip  detector  (checked  and 
cleaned  on  PMI)  which  illuminates  only  one  warning  light  on 
the  caution  panel  if  sufficient  particles  are  attracted  to 
either  gearbox.  Unlike  the  transmission,  a  chip  indication 
cannot  be  isolated  to  either  one  of  the  gearboxes  until  the 
magnetic  plug  is  first  removed  and  then  retested.  This  system 
(used  only  on  the  UH-1  series)  limits  the  effectiveness  of  the 
chip  detectors  in  the  gearboxes  as  an  in-flight  tool  to  pin¬ 
point  the  troubled  area.  The  AH-IG  caution  system  allows 
complete  isolation  to  either  gearbox  and  transmission. 

The  fault  warning  devices  located  on  the  main  rotor  hub  con¬ 
sist  of  four  sight  glasses  for  visually  checking  the  oil  level 
in  the  UH-1  (other  than  the  540  system)  grip  reservoirs  and 
pillow  blocks  during  the  PMD.  If  a  grip  reservoir  becomes 
empty  during  a  two-hour  flight  or  noncperation  for  over  24 
hours,  then  replacement  of  the  gr^p  seals  is  required. 

There  are  no  warning  or  diagnostic  devices  located  on  the 
swashplate. 
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5.0  CONCLUSIONS 


5.1  RESULTS  OF  THE  STUDY 

There  appears  to  be  no  doubt  on  the  basis  of  the  study  that 
the  five  types  of  drive  system  components  that  have  been  in¬ 
stalled  on  the  UH-1  and  AH-1  series  aircraft  have  an  on- 
condition  maintenance  capability.  Their  failure  distributions 
approximate  an  exponential  distribution  within  the  scheduled 
operating  intervals.  The  assemblies  as  operated,  maintained, 
and  monitored  have  fail-safe  designs.  Their  scheduled  TBO  in¬ 
terval  could  be  extended  or  eliminated  and  the  current  inspec¬ 
tion  procedures  and  diagnostic  and  warning  system  devices  would 
be  adequate  to  monitor  the  modes  of  degradation  and  to  observe 
when  the  assembly  condition  is  no  longer  acceptable.  This 
would  signal  assembly  replacement.  Indeed,  it  can  only  be 
concluded  that  the  drive  system  components  are  already  depend¬ 
ing  on  these  condition-monitoring  procedures  as  far  as  safe- 
operation  dependence  is  concerned.  The  TBO  interval  for  many 
assemblies  is  only  an  xinneeded  interruption  in  assembly  opera- 
tion  which  creates  unnecessary  cost. 

With  the  more  discernible  capabilities  of  advanced  diagnostic 
techniques  supplementing  the  current  transmission  and  gearbox 
monitoring  devices,  the  necessary  replacement  may  be  scheduled 
to  be  done  at  a  reasonably  convenient  time. 

5.2  TEMPERING  OBSERVATIONS 

The  above  conclusions  should  be  tempered  with  the  following 
observations.  Since  both  the  main  rotor  hub  £md  the  swashplate 
have  retirement  schedules  for  some  parts  which  make  up  the 
assembly,  the  on-condition  maintenance  capability  of  these 
assemblies  should  be  limited  to  the  retirement  time  on  the 
life-limited  parts. 

i 

It  has  been  observed  that  the  overhaul  procedure  followed  for 
the  drive  system  components  studied  loses  completely  any  identi¬ 
fication  of  accumulated  time  on  the  parts  installed.  This  may 
be  most  serious  for  the  rotor  hub  and  swashplate  parts  which 
have  retirement  schedules. 

The  main  reason  tliat  the  on-condition  maintenance  capability 
exists  is  that  the  fatigue  life  on  the  dynamic  parts  is  con¬ 
sidered  to  be  unlimited.  Certainly  the  fatigue  life  is  long 
enough  that  the  wear  mode  of  degradation  will  proceed  to  an 
unacceptable  condition  long  before  a  fatigue  failure  would 
occur.  But  this  is  true  because  these  UH-l/AH-1  assembly  parts 
were  designed  to  have  this  fail-safe  characteristic  within  the 
limits  of  the  operating  loads  expected.  However,  as  design 
modifications  are  introduced  to  permit  the  aircraft  to  carry 
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greater  loads  higher  and  faster,  care  must  be  taken  to  main¬ 
tain  this  fail-safe  characteristic.  With  increased  engine 
power  available  and  under  conditions  of  mission  stress,  loads 
in  excess  of  those  for  which  these  parts  were  designed  may  be 
more  frequently  applied.  This  could  cause  part  fatigue  failures 
to  occur  before  the  wear  mode  becomes  significant.  This  sug¬ 
gests  that  aircraft  with  high  power  capability  should  have  over¬ 
torque  monitor  recorders.  It  also  suggests  areas  for  further 
study  that  are  included  in  the  next  section. 
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6 . 0  RECOMMENDATIONS 


6.1  LOAD  LEVEL  STUDY  TO  DETERMINE  LIMITS  OF  FAIL-SAFE  DESIGN 
CHARACTERISTICS 


Since  on-condition  maintenance  capability  depends  on  a  fail¬ 
safe  design  (a  design  in  which  the  assembly  will  display  an 
unacceptable  level  of  degradation  long  before  it  would  ex¬ 
perience  a  failure  mode  which  would  cause  it  to  cease  function¬ 
ing)  ,  it  is  important  to  know  how  the  dynamic  parts  of  these 
assemblies  react  to  increased  load  levels.  It  is  recommended 
that  further  study  be  done  and  testing  be  performed  on  drive 
system  assembly  dynamic  parts  to  answer  three  questions: 

How  does  the  rate  of  wear  degradation  change  with 
increasing  load  levels? 

How  does  the  fatigue  life  of  these  parts  change  with 
increasing  load  levels? 

-  At  what  load  level,  if  any,  will  fatigue  failure  occur 
before  the  wear  degradation  becomes  unacceptable? 

6.2  STUDY  TO  DETERMINE  SUPPORT  REQUIREMENTS  FOR  A  FLEET  OF 
AIRCRAFT  WITH  DYNAMIC  COMPONENT  OVERHAUL  PERFORMED  ON 
CONDITION 

The  planning  and  scheduling  of  spare  assemblies  and  replacement 
parts  for  dynamic  components  overhauled  on  condition  and  with¬ 
out  a  scheduled  TBO  has  been  expressed  as  a  difficult  logistics 
problem.  A  study  should  be  made,  supported  by  a  simulation 
model  to  establish  guidelines,  and  perhaps  a  procedure  to  plan 
and  schedule  for  on-condition  capeUsility. 

6.3  STUDY  TO  DETERMINE  THE  IMPACT  OF  HAVING  LIFE-LIMITED  PARTS 
OPERATING  IN  THE  SYSTEM  BEYOND  THEIR  SPECIFIED  RETIREMENT 
LIFE 


The  procedure  used  to  rebuild  assemblies  during  overhaul  (where 
parts  removed,  inspected  and  found  acceptable  after  component 
disassembly  are  commonly  stored  and  indiscriminately  selected) 
was  discussed  in  Section  2.1.3.  The  recommendation  stated 
there  is  repeated  here. 

It  is  recommended  that  a  study  be  conducted  to  determine  whether 
the  probability  of  having  life-limited  parts  of  the  main  rotor 
hub  and  swashplate  operating  beyond  their  specified  retirement 
life  is  serious.  If  it  is  found  to  be  serious,  then  it  is  fur¬ 
ther  rec(xnmended  that  a  solution  be  worked  out  before  operational 
safety  of  the  aircraft  is  impaired. 


Figure  1.  Component  removal  records  analysis 
flow  process. 
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Figure  2,  Sequential  component  overhaul  listing  form. 
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Figure  4.  Weibull  distribution  of  main  transmission  failure  caused  removals 


ALL  FAILURE  MODES 
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Figure  5.  Weibull  distribution  of  42— degree  gearbox  failure  caused  removals 
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Figure  8.  Weibull  distribution  of  UH-lC/AH-lG  type 
main  rotor  hub  failure  caused  removals. 
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HOURS 

Figure  9.  Weibull  distribution  of  UH-IB/D/K  type 
swashplate  failure  caused  removals. 
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Figure  10.  Weibull  distribution  of  UH-lC/AH-lG  type 
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Figure  11.  Schematic  of  the  transmission  oil  system. 
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TABLE  1.  -  Concluded 
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FlIN  -  Federal  Item  Identification  number,  the  last  seven  numbers  of  t'ne  federal  stock  number. 


TABLE  2.  AIRCRAFT  TECHNICAL  MANUALS  USED  DURING  THE  STUDY 


66 


( 

f 


Published  by  Headquarters,  Department  of  the  Array,  Washington, 


TABLE  3.  DRIVE  SYSTEM  COMPONENT  DA2410  RECORDS 
AVAILABLE  FOR  ANALYSIS 
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TABLE  9.  MAIN  TRANSMISSION  REliOVAL  RECORDS  CLASSIFIED  BY  REASON  FOR  REMOVAL 
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TABLE  10.  42-DEGREE  GEARBOX  REMOVAL  RECORDS  CLASSIFIED  BY  REASON  FOR  REMOVAL 
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TABLE  12.  UH-IB/D/H  TYPE  MAIN  ROTOL  RUB  REMOVAL  RECORDS 
CLASSIFIED  BY  REASON  FOR  REMOVAL 
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TABLE  13.  UH-IC/AH-IG  TYPE  MAIN  ROTOR  HUB  REMOVAL 
RECORDS  CLASSIFIED  BY  REASON  FOR  REMOVA 
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TABLE  13.  -  Continued 
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TABLE  14.  UH-IB/D/H  TYPE  SWASHPLATE  REMOVAL  RECORDS 
CLASSIFIED  BY  REASON  FOR  REMOVAL 
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TABLE  14.  -  Continued 


TABLE  14.  -  Concluded 
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TABLE  15.  UH-IC/AH-IG  TYPE  SWASHPLATE  REMOVAL  RECORDS 
CLASSIFIED  BY  REASON  FOR  REMOVAL 
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TABLE  15.  -  Continued 
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TABLE  16.  WEIBULL  DISTRIBUTION  PARAMETERS  FOR  ALL  FAILURES 
CAUSES  OF  ASSEMBLY  REMOVAL  FOR  OVERHAUL 
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TBO  on  the  204-040-016  main  tremsmission  has  been  extended 
to  1500  hours  resulting  in  a  MTBR  value  of  1,083  hours. 


TABLE  17.  DRIVE  SYSTEM  COMPONENT  WEIBULL  FAILURE 
MODE  DISTRIBUTION  CHARACTERISTICS 


Component 

Failure  Mode 


MAIN  TRANSMISSION 


ZU4-U4U-UU'^ 

204- 040-016 

205- 040-001 

INHERENT  FAILURE  MODE 
Woim  Excessively  (] 
Worn  Excessively  y 
Broken  ( ] 

Broken  ( i 

Corroded  (] 

Corroded  (i 

Contamination  (1 
Contamination  (i 
Internal  Failure  (1 
Internal  Failure 
Leakage  ( 1 

Leakage  ( i 

ALL  INHERENT  MODES  (1 

ALL  INHERENT  MODES 

42- DEGREE  GEARBOX 


Failure 

Code 


.97 

1.10 

1.30 

1.16 

1.34 

.92 

1.12 

1.13 

1.20 

.89 

1.57 

1.08 

1.19 

1.07 


97,672 

36,984 

19,725 

27,420 

34,500 

191,314 

17,700 

9,791 

31,298 

73,118 

12,960 

32,023 

6,103 

5,212 


INHERENT  FAILURE  MODE 
Worn  Excessively  (] 
Worn  Excessively  y 
Broken  (] 

Broken 

Contamination  (1 
Contamination  ('* 
Internal  Failure  (] 
Internal  Failure 
Leakage  ( ] 

Leakage  ( i 

Overheat  ( ] 

ALL  INHERENT  MODES  (1 
ALL  INHERENT  MODES  (i 


1.38 

1.08 

1.41 

.87 

1.33 

.82 

1.53 

1.14 

1.17 

1.17 

.92 

1.23 

1.09 


9,730 

10,526 

23,858 

64,826 

21,694 

77,196 

15,081 

59,706 

4,702 

3,586 

626,217 

3,037 

2,479 
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TABLE  17.  -  Continued 


Component 

_ Failure  Mode 

90- DEGREE  GEARBOX 


1  Failure 
i  Code 


209-040-400-11 

INHERENT  FAILURE  MODE 
Worn  Excessively  (] 
Worn  Excessively  y 
Broken  ( ] 

Broken  ( i 

Contamination  (] 
Contamination  y 
Internal  Failure  (1 
Internal  Failure  y 
Leakage  ( 1 

Leakage  ( i 

ALL  INHERENT  MODES  (1 

/XL  INHERENT  MODES  (i 

MAIN  ROTOR  HUB 


13,098 

5,393 

70,096 

25,053 

8,092 

6,789 

22,560 

31,901 

3,186 

3,198 

2,313 

1,577 


204-012-101 

INHERENT  FAILURE  MODE 
Worn  Excessively  (1 
Worn  Excessively  (2 
Broken  (1 

Broken  ( 2 

Contamination  (2 

Internal  Failure  (1 
Internal  Failure  (2 
Leakage  ( 1 

Leakage  ( 2 

Unable  to  Adjust 
Limits  (1 

Unbalanced  ( 1 

Beyond  Specified 
Tolerance  (1 

Beyond  Specified 
Tolerance  (2 

Bent  (l 

ALL  INHERENT  MODES  (1 

ALL  INHERENT  MODES  (2 


1.83 

1.43 

1.55 

1.U8 

1.04 

1.60 

1.25 

1.65 
1.28 

1.71 

1.28 

1.25 

.68 

1.59 

1.66 

1.26 


3,579 

3,211 

18,600 

32,200 

167,480 

11,634 

17,730 

2,320 

1,738 

31,487 

78,846 

50,279 

495,380 

41,503 

1,735 

1,242 
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'lABLK  1/ 


Continued 


Component 

_ Failure  Mode _ 

MAIN  RQTQR  HUB  (Cont’-l) 

540-011-101 

INHERENT  FAILURE  MODE 
Worn  Excessively  (1) 
Worn  Excessively  (2) 
Broken  (1) 

Broken  (2) 

Internal  Failure  (1) 
Internal  Failure  (2) 
Leakage  (1) 

Leakage  (2) 

Unbalanced  ( 1 ) 

Beyond  Specified 
Tolerance  (1) 

Beyond  Specified 
Tolerance  (2) 

ALL  INHERENT  MODES  (1) 

ALL  INHERENT  MODES  (2) 

SWASHPLATE 

204-011-400 

INHERENT  FAILURE  MODE 
Worn  Excessively  (1) 
Worn  Excessively  (2) 
Broken  (1) 

Broken  (2) 

Contamination  (1) 
Internal  Failure  (1) 
Leakage  (1) 

Leakage  ( 2 ) 

Heat  Damage  (1) 

Heat  Damage  (2) 

ALL  INHEuENT  MODES  (1) 

ALL  INHERENT  MODES  (2) 

209-010-400 

540-011-450 

INHERENT  FAILURE  MODE 
Worn  Excessively  ^1) 
Worn  Excessively  {2) 
Broken  (1) 

Broken  (2) 


Failure 

Code 

/3 

e 

y 

■ 

1.83 

1,561 

0 

1.15 

1,189 

0 

■wH 

1.48 

5,500 

0 

BIH 

1.11 

6,731 

0 

1.39 

7,315 

0 

1.30 

7,380 

0 

1.79 

12,855 

0 

.88 

71,200 

0 

.82 

460,884 

0 

705 

1.18 

40,454 

0 

705 

.62 

328,862 

0 

mm 

1.64 

1,337 

0 

1.12 

91/ 

0 

020 

1.75 

2,892 

0 

020 

1.30 

2,127 

0 

070 

1.38 

16,442 

0 

070 

1.03 

18,385 

0 

306 

1.46 

75,488 

0 

374 

1.41 

72,245 

100 

381 

1.19 

103,229 

0 

381 

.75 

1,105,053 

0 

855 

1.23 

133,499 

100 

855 

1.08 

108,389 

0 

• 

1.66 

2,706 

0 

1.25 

1,954 

0 

020 

1.63 

1,340 

0 

020 

1.25 

1,257 

0 

070 

1.02 

34,788 

100 

070 

.94 

35,565 

0 
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TABLE  17.  -  Concluded 


Component 

Failure  Mode 

Failure 

Code 

0 

e 

y 

SWASHPLATE  (Cont'd) 
70'9-010-400 

540-011-450 

Internal  Failure 

374 

1.80 

6,631 

0 

Leakage 

381 

.90 

159,896 

100 

Heat  Damage 

!i) 

855 

1.24 

29,836 

0 

ALL  INHERENT  MODES 

1.62 

1,215 

0 

ALL  INHERENT  MODES 

U) 

— 

1.18 

1,128 

0 

(1^  First  overhaul. 

(2)  Second  and  subsequent  overhauls. 
fi  Shape  parameter,  values  are  unitless. 

6  Characteristic  life,  values  are  in  hours. 

y  Location  parameter,  values  in  hours,  apparent 

starting  point  for  the  distribution. 

! 
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TABLE  18.  PERCENTAGE  OF  PARTS  REPLACED  DURING  OVERHAUL 
TRANSMISSION  204-040-016-1 
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Replaces  P/N  204-040-142-1  and  used  on  quill  assembly  P/N  205-040-263-3. 

I 

Replaces  P/N  204-040-345-7  and  used  on  input  quill  P/N  205-040-263-3. 
Replaces  P/N  204-040-269-3  and  used  with  input  quill  P/N  205-040-263-3. 


TABLE  19.  PERCENTAGE  OF  PARTS  REPLACED  DURING  OVERHAUL 
TRANSMISSION  204-040-016-5 
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Total  of  sample  of  second  overhaul  assemblies  =  20. 

Total  of  sample  of  assemblies  removed  for  critical  failure  codes 


TABLE  21.  PERCENTAGE  OF  PARTS  REPLACED  DURING  OVERHAUL 
90-DEGREE  GEARBOX  204-040-012-13 
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Lotai  ot  sample  oi  first  overhaul  assemblies  =  33. 

Total  of  sample  of  second  and  subsequent  overhaul  assemblies  =  34  (33  second,  1  third). 
Total  of  sample  of  assemblies  removed  for  critical  failure  codes  =  75. 
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TABLE  24.  PERCENTAGE  OF  PARTS  REPLACED  DURING  OVERHAUL 
MAIN  ROTOR  HUB  INITIALLY  540-011-101-5 
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TABLE  24.  -  Concluded 
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TABLE  25.  -  Concluded 
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TABLE  26.  PERCENTAGE  OF  PARTS  REPLACED  DURING  OVERHAUL 
SWASIIPLATE  204-011-400-11 
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TABLE  26.  -  Con 


TABLE  27.  PERCENTAGE  OF  PARTS  REPLACED  DURING  OVERHAUL 
SWASHPLATE  209-010-400-1 
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Retirement  interval  is  3300  hours 


PERCENTAGE  OF  PARTS  REPLACED  DURING  OVERHAUL 
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Retirement  interval  is  1100  hours 


TABLE  29.  MEAN  TIME  TO  REMOVAL  OP  SEQUENTIAL  OVERHAUL 
SAMPLE  OF  DRIVE  SYSTEM  ASSEMBLIES 


Assembly 

Part  Number 

Previous 

Overhauls 

MTR 

TRANSMISSION 

204-040-016-1 

0 

814.6 

1 

355.8 

204-040-016-5 

0 

807.2 

1 

330.2 

42- DEGREE  GEARBOX 

204-040-003-37 

0 

1216.6 

1 

975.8 

90- DEGREE  GEARBOX 

204-040-012-13 

0 

804.7 

1 

645.8 

MAIN  ROTOR  HUB 

204-040- 101-9/-11 

0 

1033.7 

1 

330.3 

204-040-012- 3/-5 

0 

750.5 

1 

307.5 

540-011-101-5 

0 

521.9 

1 

428.6 

540-011-101-9 

0 

676.7 

1 

330.6 

SWASHPLATE 

204-011-400-11 

0 

889.3 

1 

456.3 

209-010-400-1 

0 

591.0 

1 

358.4 

540-011-450-7 

0 

706.1 

1 

266.3 

TABLE  30.  MATERIAL  FAILURE  MISHAPS 
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TABLE  31.  MAIN  TRANSMISSION  FAILURE  MOOES  THAT  HAVE 

RESULTED  IN  FORCED  LANDINGS  OR  WORSE  MISHAPS 


Failure  mode 


Number  of  failures 


UH-  IB  UH-  1C  UH-  ID  UH-  1h|  AH-  IG 


Transmission  failure 
Seal,  0-rlng,  gasket  failure 
Location  unknown 


Oil  filter 


Sump  screen 
Input  quill 
Oil  line  failure 
Location  unknown 
Contamination 
Oil  pressure  low 
Failure  of 

Tail  rotor  output  quill 

Lower  planetary 

Reduction  gear 

Input  quill 

Oil  line  fitting 

Oil  jet 


Totals 
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TABLE  32.  MAIN  TRANSMISSION  FAILURE  MODES  THAT  HAVE 
RESULTED  IN  PRECAUTIONARY  LANDINGS 


Number  of  failures 


Failure  mode 


Seal,  gasket,  0-ring  failures 
Location  unknown 

Oil  filter 

Input  quill 

Sump  screen 

Oil  line 

Oil  line  failures 
Location  unknown 
Oil  cooler 
Filter 

Transmission  failures 

Instrument  indications 

Oil  pressure  high,  low 
or  fluctuating 

Oil  temperature  high 

Chip  detector 

Electrical  component  failures 
Connectors 
Oil  pressure  switch 
Oil  temperature  switch 


- IB  UH- 1C  UH- ID  UH- IH  AH- IG 
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TABLE  32,  -  Continued 


Failure  mode 


Fitting  failures 
Oil  line 
Oil  filter 
Quick  disconnect 
Oil  pressure 
Valve  failures 
Drain  valve 
Thermal  valve 
Bypass  valve 

Oil  pressure  relief  valve 
Filter  failure 
Loose 
Undefined 
Filter  blew  off 
Strainer/ screen 
Input  quill  failures 
Shaft  leaking 
Housing 
Contamination 


Number  of  failures 


UH- IB  UH- 1C  UH- ID  UH- 1h| AH- IG 
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TABLE  32 


Concluded 


Number  of  failures 

Failure  mode 

UH-IB 

UH-IC 

UH-ID 

UH-IH 

AH-IG 

Failure  of 

Generator 

3 

Mast  bearing 

1 

1 

1 

- 

- 

Oil  jets 

- 

1 

- 

- 

1 

Oil  pump 

1 

- 

- 

1 

- 

Bearing 

- 

- 

1 

- 

1 

Case 

1 

- 

- 

- 

1 

Pressure  regulator 

- 

1 

- 

- 

Lower  planetary 

- 

- 

1 

- 

- 

Totals 

28 

24 

77 

92 

34 

TABLE  33.  4 2 -DEGREE  GEARBOX  FAILURE  MODES  THAT  HAVE 

RESULTED  IN  FORCED  LANDINGS  OR  WORSE 
MISHAPS 


Failure  mode 

Number 

of  fa] 

lures 

UH-IB 

UH-IC 

UH-ID 

UH-IH 

AH-IG 

Gearbox  failure,  cause  unknown 

2 

1 

1 

3 

Gearbox  tore  loose  from 

1 

aircraft 

Failure  of 

Input  coupling 

1 

- 

- 

2 

- 

Output  seal 

- 

- 

1 

- 

- 

Spline 

- 

- 

1 

- 

Input  bevel  gear 

— 

— 

1 

Totals 

3 

1 

3 

6 

1 
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TABLE  34.  4 2 -DEGREE  GEARBOX  FAILURE  MODES  THAT  HAVE 

RESULTED  IN  PRECAUTIONARY  LANDINGS 


Failure  mode 

•dumber 

of  fa' 

-lures  1 

UH-IB 

UH-IC 

UH-ID 

UH-IH 

AH-IG 

Gearbox  failure,  cause  unknown 

- 

1 

3 

- 

1 

Gearbox  failure,  metal  clips 

2 

1 

on  plug 

Wire  on  plug  broken 

- 

- 

1 

- 

- 

Failure  of 

Output  seal 

- 

- 

1 

- 

- 

Spline 

- 

- 

1 

- 

- 

Plug 

- 

- 

1 

m 

Coupling 

- 

- 

1 

m 

m 

Gear 

- 

- 

1 

- 

- 

Totals 

0 

1 

11 

1 

1 
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TABLE  35.  90 -DEGREE  GEARBOX  FAILURE  MODES  THAT  HAVE 

RESULTED  IN  FORCED  LANDINGS  OR  WORSE 
MISHAPS 


Number 

of  failures 

Failure  tnodes 

UH-IB 

im-ic 

UH-ID 

UH-IH 

AH-IG 

Gearbox  failure 

2 

2 

3 

6 

7 

Gearbox  and  tail  rotor 
separated,  cause  unknown 

- 

2 

1 

9 

2 

Gearbox  failed  -  tail  rotor 
and  gearbox  separated  from 
aircraft 

1 

2 

1 

4 

Vibration,  suspect  gearbox 
failure 

- 

- 

- 

1  ' 

- 

Failure  of 

Gear 

- 

- 

- 

2 

- 

Input  coupling 

- 

- 

1 

1 

- 

Quill  Assembly 

— 

1 

— 

Totals 

2 

5 

8 

20 

13 
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TABLE  36.  90-DEGREE  GEARBOX  FAILURE  MODES  THAT  HAVE 
RESULTED  IN  PRECAUTIONARY  LANDINGS 

I  Number  of  failures 


Failure  Modes 


UH-IB  UH-IC  UH-ID  UH-IH  AH-IG 


Gearbox  failure 

Chip  detector  light 
indication 

Metal  particles  on  plug 

Vibration,  suspected  gearbox 
failure 

Wire  on  plug  loose 
Binding,  gearbox  failure 
Failure  of 
Seal 
Gear 

Quill  Assembly 
Bearing,  quill 


Totals 


1  27  15  10 


TABLE  37.  MAIN  ROTOR  HUB  FAILURE  MODES  THAT  HAVE  RESULTED 
IN  FORCED  LANDINGS  OR  WORSE  MISHAPS 


Failure  modes 


Main  rotor  separated 
Main  rotor  head  controls 


Totals 


Number  of  failures 


UH-  IB  UH-  1C  UH-  ID  UH-  IH  AH-  IG 


TABLE  38.  MAIN  ROTOR  HUB  FAILURE  MODES  THAT  HAVE 
RESULTED  IN  PRECAUTIONARY  LANDINGS 


Failure  modes 


Worn  grip  bearing 

Lost  dust  shield 

Main  rotor  hub  failure 

Bearing  sleeve  failure 

1  :  1  vibration 

Rotor  overspeed/excess  play 
in  hub 

Grip  seal  leak 


Totals 


Number  of  failures 


UH-IB  UH-1c|uH-1d|uH-1h|  AH-IG 
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TABLE  41.  PARTS  SELECTED  FOR  FAILURE  MODE  STUDY  CONSIDERATION 
BASED  ON  ASSEMBLY  OVERHAUL  PART  REPLACEMENT  DATA 
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TABLE  42.  CONDITION  CAUSING  REPLACEMENT  OF  PARTS 
SELECTED  FOR  FAILURE  MODES  ANALYSIS 


Surface  Compressive  Failure 
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APPENDIX  A.  ASSEMBLY  INHERENT  FAILURE  MODE  HAZARD  RATE  PLOTS 
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Figure  A-l.  Weibull  hazard  rate  plots  of  nia.^n  tr^ul8mlssion 


■'  iT'U.itiHli 


"t;  rflli 

••m 

4# ’ail 


-»  n  .  *  I  • 

i’  M«|UM 


162 


«\0 


fniH 


tso 


I  j  •< 

•O  H 


S'tS 


fH  o  ^  H 

•-lOi-lr-l  I  I 
|~ICM  I  X  1 

I  •C'l  52  f 

O'  ••‘in  !L 


o«n  I  eg 

0\Df4  s 

I  I  o  S 
o  -o^c 

•OrH  I  H 

OlOO 
I  I  *0 
^  •©  •• 

or-  I  M 
CM  in  in  o 

I  O 

•  fcCM  5 

on  o 
Z  n  '^co 
I  in  ^ 
H  •  I  •< 
oiin  •H 
<nn  < 
Pn  I  I  O 


l■lllir>k« 

HluuiMItlt 


,ui!) 


nil  ■  ,  J  "III!:!  'iJlil  .HNi 

lWll>^‘ ’-'^tUl'tlih  till  f  .'M1UI 


:sais»n::i 


UI1  .iHinint.  li 
.)■  .  inuiioittu.  * 
■•*1!  MSWWHIHW 

i!i{! 


igiiilllittli 


.llllut^tt 

ii««m 

iiiiliilii 


llltiltK 

liMlilfli 

::sssssszs 


164 


illlllf 

tiUHtSf 


mmii 


:s:iui 


>  •  II 


iiiyiiili 


'rjlitlil 

llHiliHI 


illillHI 


■'»  iwii 


lilHili 


itaiisi 


II 

piUiSMH 

ifififlitf 


IlllliWtl 

iliiiiltfi 


I  H 
OiOO 

i 

OI>i  I  ti3 

c^iriin  o 

I  O  p6 

•  5 

OfO  o 

zm  ••to 

H  •'?  < 

5  5^  CO  Sc 

04  I  I  ca 


•  'ifii 

,  itii'ui: 

-iiilillHSI 


a 


165 


UUVriVE  NAZARO 


Figure  A-1  Continued 
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Figure  A-2.  Weibull  hazard  rate  plots  of  42-degree  gearbox 
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DATA  WERE  INADEQUATE  TO  ANALYZE  (FOUR  ASSEMBLIES) 
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CUMULATIVE  HAZARD  % 

Figurfe  A-3.  Weibull  hazard  rate  plots  of  90-degree  gearbox 
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Figure  A-4.  Weibull  hazard  rate  plots  of  UH-lB/D/H  type  main  rotor 
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Data  were  Inadeqxiate  to  analyze  (nineteen  assemblies) 

Figure  A— 4.  Continued. 
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Figure  A-4.  Continued 
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Data  were  inadequate  to  analyze  (thirteen  assemblies) 
Figure  A-4.  Continued. 
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Figure  A-5.  Weibull  hazard  rate  plots  of  UH-IC/AH-IG  type  main  rotor 
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Fiqure  A-6.  Weibull  hazard  rate  plots  of  UH-IB/D/H  type  swashplate. 
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CUMUUriVE  NAZARO  % 

Data  were  inadequate  to  analyze  (seven  assemblies) 

Figure  A-6.  Continued. 
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Figure  A-' .  Weibull  hazard  rate  plots  of  UH-IC/AH-IG  type  swashpiate. 
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CUHUUiriVC  NAZAIIO  « 

Data  were  inadequate  to  analyze  (seven  assemblies) 
Figure  A-7.  Continued. 
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Data  were  inadequate  to  analyze  (eleven  assemblies) 
Figure  A-7.  Continued. 
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Data  were  inadequate  to  analyze  (eleven  assemblies) 
Fiqure  A-7.  Concluded. 
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cotnponenrs.  Currently,  a  niaintenance 
procedure  exists  for  hand>$tonin|(  the 
flaked  area.  This  mode  of  failure 
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Missing  •  Missing  sprags  could  f4alntenanc«  error  I  Missing  sprags  will  cause  little 

possibly  occur  during  input  quill  I  degradation  in  aircrait  performance. 
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20<t-040- 1  33*  1  .  a  fatiguing  roller  set.  |  loss  of  proper  function  of  one  of  ! 

the  gears.  A  precautionary  situation 

I  would  not  arise  unless  mul.tlple  co- 

!  Incidental  failures  of  the  retainers 
i  j  occurred. 
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TABLE  B-2.  42-DEGREE  GEARBOX  FAILURE  MODES  AND  EFFECTS  ANALYSIS 
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90-DEGREE  GEARBOX  FAILURE  MODES  AND  EFFECTS  ANALYSIS 
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TABLE  B-4.  UH-IB/D/H  MAIN  ROTOR  HUB  FAILURE  MODES  AND  EFFECTS  ANALYSIS 
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Overheat  Cverheet  -  it  ceuted  by  intufflcicnt  Sli^t  degredetion  In  rotor  operation  If  failure  it  evident  in  flight,  a 

lubrication  or  cxcettive  loading.  can  be  noticed.  Overheat  can  caute  vertical  vibration  in  the  aain 

excettive  bearing  veer.  rotor  hub  can  be  noticed.  Other- 

wite,  on  tcardopo  the  bearing  will 
be  found  to  be  dltcoiored. 
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TABLE  B-4.  -  Continued 
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TABLE  B-5.  UH-lC/AH-lG  MAIN  ROTOR  HUB  FAILURE  MODES  AND  EFFECTS  ANALYSIS 
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APPENDIX  C 


TECHNICAL  MANUAL  PREVENTIVE  MAINTENANCE  INSPEC¬ 
TION  requipj:ments 


Taken  from  TM55-1520-221-PMI  and  TM55-1520-221-PMP.  These 
requirements  are  typical  of  those  covering  UH-1  series  heli 
copters. 


AREA  NO.  1: 

Nom  Art* 

All  turlacea,  components  and  etpiipment  in  nose  compartment  and  on 
exterior  ahead  of  forward  edge  of  gunners  door. 

AREA  NO.  2: 

Ttrret  Area 

All  surfaces,  components  and  equipment  inside  and  outside  of 
armament  turret  and  ammunition  compartment. 

AREA  NO.  3: 

Gunner  and 

Pilot  Area. 

All  surfaces,  components  and  equipment  inside  and  outside  the  gunner- 
pilot  compartment.  Includes  items  stowed  in  cabin  alt  of  pilot's  seat. 

AREA  NO.  4: 

Lower  Forward 
Fuaelace  Area 

All  surfaces,  components  and  equipment  contained  in,  and  on  exterior  of, 
lower  forward  portion  of  fuselage  between  ammunition  compartment  and 
aft  cabin  bulkhead  (Sta  186. 2S)  except  forward  fuel  cell. 

AREA  NO.  S: 

Landinf  Gear 

Area 

All  surfaces,  components  and  equipment  which  constitute  the  landing 
gear  and  attachments. 

AREA  NO.  6: 

Main  Rotor 

Area 

Alt  components  of  the  main  rotor  hub  and  blade.  Does  not  Include  the 

mast 

AREA  NO.  7: 

Pylon  Area 

All  surfaces,  components  and  equipment  contained  in,  and  on  the  ex¬ 
terior  of,  the  hydraulic  and  transmission  compartments  to  the  bottom 
of  the  transmission.  Includes  transmission  cowling,  mast,  mounts, 
rotating  controls,  and  main  (input)  drive  shaft. 

AREA  NO.  8: 

Wli«  Area 

All  surfaces,  components  and  equipment  in  and  on  the  wings.  Includes 
all  external  fittings  and  attachments. 

AREA  NO.  9: 

Center 

Fuaelafe 

Area 

All  surfaces,  components  and  equipment  in  and  on  the  fuselage  below 
the  engine  deck  (WL  65.00)  and  between  the  cabin  area  (Sta  186.25) 
and  tail  boom  attachment  bulkliead  (Sta  290.57).  Includes  forward  and 
aft  fuel  cells,  compartment  below  transmission,  oil  cooler  and  com- 
parta  .>nts  accessible  through  side  doors  and  panels  on  fuselage. 

AREA  NO.  10: 

Engine 

Area 

All  surfaces,  components  and  equipment  associated  with  engine  instal¬ 
lation  located  above  engine  deck  (WL  65.00)  and  within  engine  cowling, 
tailpipe  fairing,  and  aft  fairirg. 

AREA  NO.  11: 

Tail  Boom 

Area 

All  surfaces,  components  and  equipment  located  in  and  on  the  tail 
boom  and  vertical  fin.  Includes  tail  rotor,  synchronized  elevator,  con¬ 
trol  linkages,  and  drive  train  of  shafts  and  gear  boxes  mounted  on  the 
tail  boom. 

AREA  NO.  12: 

Forward  Fuselage 
above  Ammunition 
Compartment  Door 

Interior  and  exterior  surfaces,  structural  members  and  components 
mounted  in  area  covered  by  removable  panel  on  left  side  of  fuselage. 

AREA  NO.  13: 

Ammunition 
Compartment  Door 

Interior  and  exterior  surfaces  of  door  on  left  side  of  fuselage 

AREA  NO.  14: 

Forward  Fusel7.ge 
In  Area  Belov- 
Pilot' a  Canopy 

Interior  and  exterior  surfaces  on  left  side  of  fijxelage. 

AREA  NO.  IS: 

Hydraulic 

Reservoir 

Access  Door 

Interior  and  exterior  surfaces  of  door  and  door  hinges 

AREA  NO.  16: 

Transmission 

Cowling 

Interior  and  exterior  surfaces  of  transmission  cowling  on  left  side 
of  fuselage 

Figure  C-1.  Concluded. 
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TABLE  C-1.  PREVENTIVE  MAINTENANCE  INSPECTION  REQUIREMENTS 
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TABLE  C-1.  -  Continued 
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Transmission  sump  for  water  contamination  and  oil  level.  Inspect  and  clean  oil  filter 
and  chip  detector.  Chip  detector  for  foreign  metal  particles.  Check  lift  link  for 
cracks  and  security.  Clean  and  inspect  lift  link  lugs  for  cracks  using  dye-penetrant 
method.  Particular  attention  should  be  given  right  lift  link  lug  in  area  of  bushing. 
Paint  must  be  removed  in  lug  area  to  properly  inspect. 


TABLE  C-1.  -  Concluded 
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TABLE  D-1.  SPECIAL  INSPECTION  REQUIREMENTS 


APPENDIX  D  SPECIAL  INSTRUCTIONS 

Taken  from  TM55-1520-221-20.  These  instructions  are  typical 
of  those  covering  UH-1  series  helicopters. 
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TABLE  D-1.  -  Continued 
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Remove  and  replace  the  following  items  with  serviceable  item  (annotate  DA  Form  2410 
that  component  had  been  Installed  on  aircraft  subjected  to  compressor  stall). 


Item  and  Procedure 
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TABLE  E-1.  AIRCRAFT  TEST  FLIGHT  INSPECTION  CHECKSHEET  INSTRUCTIONS 


APPENDIX  E  TEST  FLIGHT  INSPECTION  REQUIREMENTS 

Takens  from  TM55-1520-221-20.  These  instructions  are 
typical  of  those  covering  UH-1  series  helicopters. 
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Check  control  position  and  forces.  Check  that  force  trim  will  hold 
position. 


TABLE  E-1.  -  Concluded 
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GLOSS  ARV! 


1.  Accident  -  Damage  to  one  or  more  aircraft  which  occurs 
between  the  time  the  engine  (s)  is  (are)  started  for  the 
purpose  of  commencing  flight  until  the  time  the  aircraft 
comes  to  rest  with  all  engines  and  propellers  or  rotors 
stopped.  (AR-385-40) 

Allowable  Operating  Life  (AOL)  -  The  specified  periods  of 
operating  time  when  items  o£  equipment  with  limited 
fatigue  life  are  scheduled  to  be  replaced  and  discarded, 

3.  Component/Assembly  -  A  number  of  parts  or  subassemblies 
or  any  combination  thereof  joined  together  to  perform 

a  specific  function  and  capable  of  being  disassembled, 
(MIL-STD-280A) 

4.  Critical  Part  -  A  part  or  assembly  with  any  failure  mode 
which  would  result  in  loss  of  subsystem  function  and  could 
result  in  an  unsafe  condition. 

5.  Failure  Mode  -  A  way  in  which  the  failure  of  an  item  can 
occur. 

6.  Failure  Rate/Hazard  Rate  -  The  number  of  occurrences  per 
unit  measure  of  life  for  which  an  item  is  unable  to  per¬ 
form  its  required  function  within  previously  established 
limits.  (MIL-STD-721A) 

7.  Forced  Landings  or  Worse  Mishaps  -  The  classes  of  mishaps 
for  which  aircraft  damage  occurs  and/or  for  which  a  land¬ 
ing  is  immediately  necessitated  by  a  failure  or  condition 
which  makes  continued  flight  impossible. 

8.  Induced  Failure  Mode  -  A  failure  basically  caused  by  a 
physical  condition  or  phenomenon  imposed  on  an  item  of 
equipment  and  for  which  the  equipment  was  not  designed. 

9.  Inherent  Failure  Mode  -  A  failure  basically  caused  by  a 
physical  condition  or  phenomenon  which  is  normal  to  the 
equipment  and  for  which  it  should  have  been  designed. 

10.  Mishaps  -  Any  occurrence  or  equipment  condition  which 
interrupts  or  terminates  a  mission  prematurely  or  causes 
aircraft  damage,  (Normally  combat  damage  is  excluded.) 

11.  On-Condition  Maintenance  -  Restoration  of  an  item  to 
serviceability  as  required  without  regard  to  specified 
overhaul  periods. 
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GLOSSARY  -  Concluded 


12.  Part  -  One  piece,  or  two  or  more  pieces  joined  together 
wEich  are  not  normally  subject  to  disassembly  without 
destruction  of  the  designed  use.  (MIL-STD-280A) 

13.  Precautionary  Landing  -  A  landing  necessitated  by  failure 
or  apparent  impending  failure  of  engines,  systems  or  com¬ 
ponents  which  makes  continued  flight  inadvisable,  and 
which  did  not  result  in  damage.  (AR  385-40) 

14.  Scheduled  Overhaul  -  A  specified  point  in  operating  time 
when  items  of  equipment  are  scheduled  to  be  removed  from 
service  for  disassembly,  inspection,  and  the  replacement 
of  parts  no  longer  acceptable. 

15.  Time  Between  Overhauls  (TBO)  -  The  maximum  time  that  an 
item  is  permitted  to  operate  between  scheduled  overhauls. 

16.  Sequential  Overhaul  Records  -  Records  of  the  first  and 
subsequent  assembly  overhauls  arranged  in  a  chronological 
order. 
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